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REPORT of the COUNCIL. 


DurinG the Session 1909-10 there have been seven 
ordinary meetings and one field meeting of the Society. 

The communications made to the Society at the 
ordinary meetings have been representative of almost all 
branches of Biology, and the various exhibitions and 
demonstrations thereon have been of great interest. 

By invitation of the Council, Prof. J. H. Falkner 
Nuttall, F.R.S., of Cambridge, lectured before the 
Society, at the December Meeting, on “ Ticks, and their 
relation to disease.” 

The Library continues to make satisfactory progress, 
and additional important changes have been arranged. 

The Treasurer’s statement and balance-sheet are 


appended. 
The members at present on the roll are as follows :-— 
Ordinary members - - : - - - 46 
‘Associate members - - - - - - 8 
Student members, including Students’ Section - 382 


Total - - 81 
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SUMMARY of PROCEEDINGS at the MEETINGS. 


The first meeting of the twenty-fourth session was 


held at the University, on Friday, October loth, 1909. 


The President-elect (R. Newstead, M.Sc., A.L.S.) 
took the chair in the Zoology Theatre. 


1. The Report of the Council on the Session 1908-1909 
(see “ Proceedings,” Vol. XXIII., p. viii.) was 
submitted and adopted. 


2. The Treasurer’s Balance Sheet for the Session 1908- 
HGo(see ~ Proceedings,’ Vol. XXIII., p. xviii.) 


was submitted and approved. 


3. The following Office-bearers and Council for the 


ensuing Session were elected :—-Vice-Presidents, 
W. T. Haydon, F.L.S., and Prof. B. Moore, D.Sc.; 
Hon. Treasurer, W. J. Halls; Hon. Librarian, 
May Allen, B.A.; Hon. Secretary, Joseph 
meeeeiubb, DiSc.;° Council, H. C. Beasley, 
J. Johnstone, B.Sc., Oulton MHarrison, Prof. 
Herdman, D.Sc., F.R.S., W. S. Laverock, M.A., 
Bee, Douglas Laurie, M.A. J. H. O’Connell, 
L.R.C.P., Prof. Paterson, M.D., Joseph Pearson, 
D.Se., Prof. Sherrington, F.R.S., E. Thompson, 
and (Miss) L. R. Thornely. 


4. WR. Newstead, M.Sc., A.L.S., delivered the Presidential 
Address on “Some notes on the Natural History 
of Jamaica” (see “‘ Transactions,’ p. 1). On the 
motion of Dr. O’Connell, a vote of thanks was 
carried with acclamation. 


x LIVERPOOL BIOLOGICAL SOCIETY. 


The second meeting of the twenty-fourth session was 
held at the University, on Friday, November 12th, 1909. 
The President in the chair. 


1. Dr. Clubb reported the capture of a young Grey Seal 
(Halicherus grypus), stranded at Hoylake, and 
that the specimen was still living in the tanks in 

the Liverpool Museum Aquarium. This is the 
third record of this species for this neighbourhood. 


2. Prof. Herdman submitted the Annual Report on the 
work of the Liverpool Marine Biology Committee 
and the Port Erin Bhiological Station (see 
‘T'ransactions,”’ p. 8). 


—_—_——_-—— 


The third meeting of the twenty-fourth session was 
held at the University, on ret te December 14th, 1909. 
The President in the chair. 


1. Prof. J. H. Falkner Nuttall, F.R.S., of Cambridge, 
gave a lecture on “ Ticks, and their relation to 
disease.’ The lecture was of great interest, and 
was illustrated by a number of original lantern 
slides. A cordial vote of thanks was passed on 
the motion of Prof. Herdman. 


—— 


The fourth meeting of the twenty-fourth session was 
held at the University, on Friday, January 14th, 1910. 


1. On the motion of the President, seconded by Prof. 
Herdman, the cordial congratulations of — the 
Society were accorded to the members of the 
Liverpool Geological Society on the attainment of 
their Jubilee. 
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2. Mr. J. Johnstone, B.Sc., submitted the Annual 
Report of the Investigations carried on during 
1909 in connection with the Lancashire Sea 
Fisheries Committee (see “Transactions,” p. 63). 


3. Dr. Bassett supplemented the above Report by a 
description of his work on “ The Salinity of the 
Irish Sea area.” 


The fifth meeting of the twenty-fourth session was 
held at the University, on Friday, February Lith, 1910. 
The President in the chair. 


1. Mr. Edwin Thompson gave an interesting account, 
illustrated by apparatus, of bis work in Photo- 
micrography. 


oe eee 


The sixth meeting of the twenty-fourth session was 
held at the University, on Friday, March llth, 1910. 
The Vice-President (Mr. W. T. Haydon) in the chair. 


1. The following exhibits, with demonstrations, were 
made : — 


(a) Living Boas and Pythons, by Dr. O’Connell. 

(6) Living Stick Insects (Bacillus rossti), by 
Dr. Clubb. 

(c) Specimens and apparatus from the Zoological 
Laboratories, by Prof. Herdman and Dr. 
Pearson. 


2. Dr. H. i. Roaf submitted a paper on the “ Physiology 
of Marine Invertebrates,” dealing specially with 
the digestive ferments. 


X1l LIVERPOOL BIOLOGICAL SOCIETY. 


The seventh meeting of the twenty-fourth session 
was held at the University, on sais: May 6th, 1910. 
The President in the chair. 


1. Dr. J. Travis Jenkins, Superintendent of Fisheries 
to the Lancashire County Council, gave a lecture 
n “Fishery Enquiries in Bengal,” illustrated by 
a series of lantern slides prepared from the 
lecturer’s negatives. 


The eighth meeting of the twenty-fourth session was 
the Annual Field Meeting held at Delamere Forest, on 
Saturday, June llth. Mr. Robert Newstead kindly 
acted as leader. At the short business meeting held after 
tea, on the motion of Prof. Herdman, Mr. R. Newstead, 
M.Sc., A.L.S., was unanimously re-elected President for 
the ensuing session. 
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. SESSION 1909-1910. 


A. Orpinary MEMBERS. 


(Life Members are marked with an asterisk.) 
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1909 *Allen, Miss May, B.A., Hon. Liprarran, Natural 
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1903 Booth, jun., Chas., 30, James Street, Liverpool. 
1886 Caton, R., M.D., F.R.C.P., 78, Rodney Street. 
1886 Clubb, J. A., D.Sc., Hon. Secrrerary, Free Public 
Museums, Liverpool. 
1902 Glynn, Dr. Ernest, 67, Rodney Street. 
1903 Guthrie, Dr. Thomas, 9, Canning Street, 
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INAUGURAL ADDRESS 
ON 


THE NATURAL HISTORY OF JAMAICA. 


By ROBERT NEWSTEAD, M.Sc., A.L.S., Etc., 
PRESIDENT. 


[ ABSTRACT. | 


In his opening remarks the President expressed his 
warmest thanks to the Members of the Liverpool 
Biological Society for the distinguished honour which 
they had conferred upon him in electing him to the 
Presidential chair for the ensuing year. In recalling the 
names of the eminent men who had filled the office in 
previous years, he felt somewhat diffident in accepting 
the position which the members had bestowed upon him 
with such flattering cordiality. 

The subject matter of the President’s address was 
based upon experiences gained during a stay in the Island 
of Jamaica in the winter of 1908-9, while on a special 
expedition sent out by the Liverpool School of Tropical 
Medicine to study certain problems connected with 
tiék-borne diseases in cattle, and also other pests 
connected with agriculture, etc. 

After briefly discussing the physical features of the 
country and its chief geological characters, some of the 
more striking plant-forms were described, among which 
the curious EKpiphytes (Bromeliaceae, etc.), the parasitic 
plants (Cuscuta, etc.), and some of the beautiful legumes 
may be mentioned. Some observations relating to the 
insect fauna of Jamaica were of interest from a 


bionomical point of view. 
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In dealing with the natural enemies of cattle-ticks 
(Ixodoidea), special reference was made to the dietary of 
the Horn-billed Cuckoo (Crotophaga ani), a bird which 
appeared to exercise little or no choice in the selection of 
its food, nauseous plant-bugs being eaten apparently 
just as freely as those insects which belong to the 
so-called edible group. In a series of post-mortem 
examinations many ticks were found in the contents of 
the stomachs; also many examples of the green 
‘‘ stink-bug ’’ (Loza flavicollis). This bug, whose odour 
is horribly offensive, does not possess any warning 
coloration; but being of a uniformly green colour is 
highly protected and difficult to discover when resting 
among the leafy branches of a tree or shrub. The amount 
of odoriferous matter contained in the stomachs of the 
birds found to contain the remains of this bug were so 
offensive as to render the operation of dissection 
positively unbearable, and the fcetid odour was with 
difficulty removed from the hands of the operator. The 
common “cotton stainer” (Dysdercus sp.), an hemipteron 
with a markedly warning orange-red colour pattern; 
nests of the paper-building wasp (Polistes crinita); huge 
black ‘‘ witch moths’? (Hrebus argarista), measuring 
nearly six inches in the wing expanse; Geodephaggus 
and Chrysomelid beetles; molluscs and berries; all of 
these were found to have been eaten by this bird. 

In referring to the work of the Expedition, the 
President said that he was happy to be able to state that 
the practical experiments which he had conducted 
indicated that a most effective means of controlling 
cattle-ticks had been devised, and that highly satisfactory 
reports had been received from the Government in 
confirmation of this statement. 


ea 
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THE 
MARINE BIOLOGICAL STATION AT PORT ERIN, 
BEING THE 
TWENTY-THIRD ANNUAL REPORT 
OF THE 


LIVERPOOL MARINE BIOLOGY COMMITTEE. 


WE have again to record a serious loss in the death of 
Mr. Lomas, an active and much valued member of the 
Committee, who was killed in a railway accident in the 
Algerian desert on the way to Biskra, on December 17th 
1908. 

Joseph Lomas, F.G.S8., came to Liverpool from the 
Royal College of Science and School of Mines, South 
Kensington, where he had been a pupil of Huxley, Judd, 
Howes, Scott, and other famous teachers. He joined 
University College as a research student in 1885, and 
his first research in our laboratories was zoological— 
although it had a geological bearing too—being on the 
marine polyzoa, and especially those that build up lme- 
stone colonies often found fossil in the rocks. In fact, I 
think it is the case that throughout his original work the 
borderland between the two sciences, or rather the 
applications of zoological knowledge to the interpretation 
of geological appearances, had a special attraction 
for Lomas; and that, no doubt, accounted for his 
enthusiastic support of the Biological Society and the 
Liverpool Marine Biology Committee, and his helpful 
participation in our submarine explorations. His special 
function on these expeditions was to collect, examine, 
and report upon the nature and origin of the various 
deposits now being formed on the sea bottom, and to 
compare them with the more ancient ones that have 
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consolidated into the stratified rocks of the globe. 
Several of his published papers deal with such collections, 
and a series of the floor deposits of the Irish Sea, formed 
and classified under his guidance, is to be found not only 
in our own University Museum of Zoology, but also in 
the Museum of the Geological Survey at Jermyn Street, 
London. 

Although in the main a geologist, Lomas often took 
part in our Biological expeditions, and frequently visited 
the Port Erin Station. He wrote a detailed report on 
the Polyzoa for the first volume of our “ Fauna,” and 
occasionally named series of specimens or wrote short 
notes for these Annual Reports. He was added to the 
Committee last November, just before he started on his 
fatal expedition to the Sahara. Most of his papers 
have, however, been Geological, and have appropriately 
dealt with the Triassic rocks cf Lancashire and Cheshire, 
and Lomas had for several years recently been the 
secretary of a ‘Trias Committee” of the British 
Association, which has produced annual reports upon the 
extraordinary reptilian footprints and other remains 
found in profusion in certain beds exposed periodically 
by the quarrying operations at Storeton and elsewhere in 
the district. Lomas kept a watchful eye upon the 
progress of all such excavations, and it is due to his care 
and knowledge, and to his happy knack of interesting 
others in what he was studying, that many of the finest 
slabs of Cheirotheroid footprints have been saved from 
the quarrymen and are now preserved In our museums. 
Others of his papers and reports have dealt with glacial 
phenomena and with more recent changes in the 
configuration of the country (such as “The Coasts of 
Lancashire and Cheshire: their forms and origin”), 
while some have been of wider scope, such as his addresses 
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on the primeval rocks of the earth’s crust, and upon 
“Comparative Lithology.”’ But it is impossible now 
even to enumerate his various contributions to knowledge. 
All have been good, and though it cannot be claimed 
that Lomas has made any very great discovery, he has 
done much useful original work, carefully detailed and 
honestly set down. His reputation as a scientific man 
has been steadily growing amongst scientific men outside 
Liverpool, and for several years he has acted with marked 
success as the chief secretary of Section C (Geology) of 
the British Association. 

Lomas was fortunate in obtaining grants from 
scientific funds, on occasions, to aid in his special 
investigations, and it was on such a journey—to inquire 
into the desert conditions in the neighbourhood of Biskra, 
with a view to a comparison with the Triassic rocks upon 
which Liverpool is built, and towards the expenses of 
which he had applied for and received a grant from the 
British Association at Dublin—that his useful life was 
prematurely cut short last December. As in the case of 
many another scientific man, his death came directly in 
the course of his scientific investigations. 

For many years Lomas gave special courses of 
lectures on Geology and Physical Geography in the 
University. This volunteer teaching work, although 
sometimes it must have been heavy enough, was a labour 
of love, and was hardly, I fear, remunerative. Ilis chief 
reward must have been the consciousness of the good 
work he was doing, and the gratitude of his students— 
several of whom have themselves become geologists. 

Most of those who have worked with him will, 
however, agree that Lomas was at his best in “ the field ”’ 
on geological or biological expeditions. He was pre- 
eminently an open-air student of nature, and he could 
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lead a party over the country all day, and day after day, 
impressing upon them in the happiest manner both the 
minutiz of rocks and fossils and the broad features of 
stratification and mountain building, or water drainage 
and the connection between landscape and_ geological 
structure. Many of us have recollections that will never 
fade of such days in Wales, or the Isle of Man, in the 
Lake Country, on the Yorkshire moors, and even in far 
South Africa. And beyond the earth-lore and all else 
that he taught us then and at other times, we shall ever 
remember the constant good nature and cheerful deter- 
mination to make the best of everything, the helpful 
resourcefulness in times of difficulty, and the honest 
reliability and general sterling, lovable character of the 


friend we have lost. 


I would again point out that, in view of the loss of 
so many of their old fellow-workers and supporters in the 
last year or two, the Committee are most anxious to get 
some younger men as recruits to fill the places thus left 
vacant, both as actual workers in the field and also as 
subscribers to the funds. There are now plenty of 
students—in fact, during the Laster vacation the 
Biological Station has, for the last few years, been 
practically full—and there are plenty of young pro- 
fessional researchers; but we have very few left of the 
earnest amateur naturalists who were our main support 
in the early days twenty years ago. ‘he place left 
vacant on the Committee by the death of Mr. Lomas has 
been filled by the election of Dr. Benjamin Moore, 
Professor of Bio-Chemistry in the University of Liverpool. 
Professor Moore has for several years taken a keen interest 


—— 
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in the work of the Committee. He has on several 
occasions carried on research in vacations at the Port Hrin 
Station, and in association with Mr. HE. Whitley and 
Dr. H. E. Roaf has developed a new side to our work, 
viz., Bio-Chemistry and Comparative Physiology—a side 
of biological investigation which is most appropriate to a 
marine laboratory, and one which will probably be 
actively pursued in the future. 


Fia. 1.—S.Y. *‘ Ladybird,’’ on a Plankton cruise at Easter, 1908, 
from a photo by Edwin Thompson. 

The dredging, tow-netting and other investigations 
at sea, started two years ago with the yacht “ Ladybird,” 
have been carried on vigorously during the Haster and 
Summer vacations of 1909. Nearly 800 samples of 
plankton have been collected with various nets in the 
seas around Port Erin and have beeu sent to Mr. Andrew 
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Scott for microscopic investigation. During the Haster 
vacation Mr. W. Riddell, M.A., of Belfast, again gave 
me most valuable assistance in taking daily Plankton 
observations from the yacht. Mr. W. J. Dakin at the 
same time took charge of the corresponding Hydrographic 
work, and Mr. W. Gunn, from the Liverpool Laboratory, 
also gave efficient help. Some account of the results of 
these observations, and of the objects and methods of 
plankton-work in general, will be found further on in 
this Report. 


Fic. 2.—The Biological Station and Fish Hatchery at Port Erin, 
from a photo by Edwin Thompson. 


Our Hon. Treasurer, Mr. E. Thompson, at Haster, 
and Dr. F. Ward in Summer, were engaged in Photo- 
micrographie study of developing fish embryos and other 
subjects. I am indebted to both these friends for 
beautiful photographs, from which some of the illustra- 
tions in this Report have been prepared. 

The fish and lobster hatching, carried on for the 
Isle of Man Fisheries Board, will be found reported 


_ San — 


| 
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on in detail below. Judged by the number of summer 
visitors, this has been a poor year in the Isle of Man 
generally, and as a natural consequence our numbers in 
the Aquarium record have fallen. We consider that under 
the circumstances we have not done badly in having 
between thirteen and fourteen thousand visitors who paid 
for admission. The institution, it will be remembered, is 
carried on jointly with the Fisheries Board, the receipts 
and the expenses being shared equally with that Authority. 

As on previous occasions, Mr. Chadwick has supplied 
a ‘‘ Curator’s Report,” which will be found below, and he 
has also, as usual, supplied me with details for some 
other parts of this Report. 


THe STATION RECORD. 


Forty naturalists and students have occupied the 
work-tables in the Laboratories for varying periods 
during the year, as follows : — 

Dec. 28th to Jan. 9th. Professor Herdman.—Offcial. 
Feb. 20th to 22nd. Professor Herdman.—Official. 
March 26th to April 27th. Professor Herdman.—Plankton. 


_ “a Mr. W. Riddell.—Plankton. 
April 1st to July 27th. Mr. W. J. Dakin.—Sense organs of Mollusca. 


April 3rd to 20th. Dr. H. E. Roaf.—Physiology. 
April 8th to 12th. Mr. E. Thompson.—Photomicrography. 
April 10th to 26th. Mr. W. Gunn.—General. 
April 13th to 27th. Mr. R. D. Laurie.—Educational. 
q 2 Mr. Billington.—General. 
April 13th to 22nd. Mr. Johnson.—General. 
April 14th to 27th. Dr, Pearson.—Educational. 
April \3th to 27th. Mr. H. G. Jackson. 
Miss E. M. Blackwell. Miss M. Latarche. 
Miss A. B. Dixon. Miss A. Lee. 
Miss K. Winston. Miss A. G. Wildman. 
Miss M. M. Heap. Miss F. Uttley. 
Miss E. Matthewman. Miss M. Southerst. 
Miss E. Bland. Miss E. Horsman. 
Miss M. Scott. Miss A. Lennon. 
Miss Prescott. Miss T. A. Smith, 


Miss L. W. Whitehurst. Miss D. Lawson. 
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April 20th to 23rd Mr. BR. Williams Ellis.—General. 

May 19th to June 10th. Dr. Ward.—Photography of living Fishes. 
July Tth to Aug. 9th. Mr. F. H. Gravely.—Polychaeta. . 
July 7th to Aug. 19th. Mr. 8. Garside.—Marine Algae. 

July 11th to 23rd. Mr. Pryce.—General. 


July 24th to Aug. 14th. Miss C. E. Wetherall.—Polychaeta and Tunicata. 
July 27th to Sept. 10th. Dr. H. E. Roaf.—Physiology of Invertebrates. 
July 31st to August 14th. Mr. W. A. Gunn.—General. 


Aug. 1st to 12th. Professor Herdman.—Plankton. 

Sept. 4th to 14th. Mr. T. J. Evans.—General. 

Sept. 4th to Oct. 2nd. Dr. H. Henry.—Haemoflagellates of Fishes. 
Sept. 27th to 30th. Miss Wilkinson.—Crustacea. 


Sept. and Oct. (occasional visits) Mr. C. Okell.—General. 
Nov. 29th to Dec. 17th. Miss B. Watterson.—General. 

The “Tables” in the Laboratory were occupied as 
follows : — 


Liverpool University Table :— 


Prof. Herdman. . Mr. Dakin. 

Dr. Roaf. Mr. Gunn. 

Dr. Pearson. Mr. Billington. 

Mr. Laurie. Miss B. Watterson. 
Liverpool Marine Biology Committee Table :— 

Mr. E. Thompson. . Mr. R. Williams Ellis. 

Dr. Ward. Mr. Pryce. 

Dr. Henry. Mr. Evans. 

Mr. C. Okell. Mr. Riddell. 
Manchester University Table :— 

Mr. Gravely. Mr. Garside. 


Mr. Johnson. Miss Wilkinson. 


Birmingham University Table :— 
Miss Wetherall. 


The following students of Liverpool University 
occupied the Junior Laboratory fcr a fortnight during the 
Kaster vacation, and worked together under the super- 
vision of Professor Herdman, Dr. Pearson and Mr. 


Laurie :— 


Miss Lawson. Miss Bland. Miss Lee. 

Miss Whitehurst. Miss Southerst. Miss Dixon. 
Miss Smith. Miss Matthewman. Miss Latarche. 
Miss Prescott. Miss Uttley. Miss Blackwell. 
Miss Lennon. Miss Heap. Mr. Jackson. 
Miss Scott. Miss Wildman. 


Miss Horsman. Miss Winston. 
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CuRATOR’S REPORT. 


Mr. Chadwick reports as follows :— 


“ The scientific work of the past year has been marked 
by some increase in the number of workers in our 
laboratories, and of researches which involved longer 
periods of time and more extensive use of the facilities 
afforded by the Station and its equipment. The Easter 
vacation class-work was again completely successful, and 
showed the advantage of a number of students working 
together under competent guidance and within easy reach 
of abundance of living material. Amongst the twenty- 
nine students and researchers who occupied tables during 
the year there were representatives of the Universities of 
Cambridge, Liverpool, Manchester, Birmingham and 
Sheffield. 

“During the winter much time was devoted to 
careful revision and remounting of museum specimens. 
The whole of the collection of Molluscan shells was thus 
dealt with, and some new specimens were added. 

“The study of Marine Plankton has again figured 
largely in the year’s work. Tow-nettings have been taken 
twice a week, over a prescribed course in the bay, with as 
much regularity as the weather would permit, and a 
larger share in the laborious work of estimation and 
qualitative analysis of the gatherings has been under- 
taken by the Curator. 

“The number of visitors to the Aquarium, compared 
with the records of the previous two years, shows a con- 
siderable falling off. This was clearly due to the fact 
that the Isle of Man as a whole did not enjoy its usual 
measure of patronage during the visitors’ season. The 
tanks were as well stocked as in previous years, and there 
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was no indication of waning interest on the part of the 
13,500 visitors who paid for admission. The number of 
copies of the ‘Guide to the Aquarium’ sold also shows 
a considerable falling off. We have abundant evidence, 
however, that this ‘Guide’ has been regarded by many 
visitors as a welcome addition to the popular literature 
of Marine Biology. 

“Owing to the continued growth of living organisms 
in the circulation pipes, to which reference was made in 
last year’s Report, it was found necessary to take down 
and thoroughly clean the whole system. ‘This was done 
during the months of November and December, 1908; 
and at some points, especially the bends, the bore of the 
pipe was found to be almost completely obstructed by 
colonies of barnacles, mussels, and other molluses. Before 
re-erection the lengths of piping were provided with 
flanges at their ends, so that it 1s now possible to remove 
and clean any length without disturbing the neighbouring 
ones. 

“The tanks have been maintained in excellent con- 
dition by the Assistant Curator, and the mortality 
amongst the fishes and invertebrates has been quite 
insignificant. The largest conger has now been an 
inhabitant of the aquarium for nearly 45 years, and has 
attained a length of exactly 6 feet.* Another specimen, 
about 4 feet long, is the ‘oldest inhabitant,’ having 
occupied the same tank for over five years. 

“The hatching season of 1909 fully justified the 
anticipation expressed by the Curator in last year’s 
Report. The number of plaice larve hatched and 
liberated, 7,124,500, was nearly double that of the 
previous year, and brings the total number for the six 


** This fish died on Friday, December 3rd. Its length was exactly 
6 feet; maximum girth, 2 feet ; weight, 594 lbs. 
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years during which the hatchery has been in operation 
to twenty-five and a half millions. 


Fic. 3.—Mr. T. Cregeen collecting fish eggs from the surface of the 
spawning pond, from a photo by Edwin Thompson. 


“The numbers of eggs collected and of larve set free 
during the season were as follows: — 


Eggs collected. Date. Larvee set free. Date. 

90,500 ... February 22—26 78,000 ... March 22 
253,500 ... February 27—March 3 184,500 ... ey f 

| 218,000 ... March 4 and 5 148,000 ... 449 220 
179,000... » 6and 8 146,000... gia DO 
196,000... wk Sebo le 126,000 ... eee 
957,000 _ ... eke tO... 1 766,500 ... April 65 
137,000... = 38 te 20 609,000... a 8 
732,000 ... », 22 and 23 603,000... Pe 
545,000... » 24 to 26 400,000... oe & 
o91,000 ... oh a 286,500 ... hoe 
189,000... » 29 147,000 w.. 40 


990,000... 5» 80—April 3 754,000... ete &, 
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Eggs collected. Date. Larve set free. Date. 
619,000 ... April 5 and 6 441,000 ... P| 
331,000... a 257,000 ... 55 ee 

1,063:000-=°., je and 8 849,000 .... Rey te: 
683,000 ... i okD and: LS 520,000 ... Soret 
194,000 ... og Ae 142,000 ... iy) ea 
SDT GON ks » 15—20 667,000 ... May 3 

9,325,500 7,124,500 


‘A few thousands of additional fertilised eggs were 
collected on April 28th and May 10th; but the resulting 
larvee were retained in the hatchery for scientific observa- 
tion and experiment. | 

“The Curator regrets to say that, in spite of continued 
efforts and experiments on new lines, the problem of 
artificial lobster rearing remains practically unsolved. 
The initial diffculty—-that of obtaining berried fémale 
lobsters with nearly ripe eggs—was greatly felt during 
the past season, and the total number of larvee hatched did 
not reach 1,500. A wooden tank measuring 6 x 6 x 4 feet, 
with openings screened with wire gauze in the sides and 
bottom, was fixed in the western spawning pond, and an 
attempt was made to rear in it a number of lobster larve. 
This, in spite of abundant food material and liberal 
aeration of the water, proved a failure, none of the 
larvee surviving the third stage of development. Mr. W. J. 
Ashburner, who made the tank, has further provided an 
apparatus for keeping the water therein in constant 
motiom, and with this further experiments are to be made 
next summer. There is evidence that berried lobsters will 
retain their eggs if kept in the pond and provided with 
suitable hiding places; and the Curator is now 
accumulating a stock in the hope of ensuring a large 


number of larve next year. 
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“In response to an invitation by the Isle of Man 
Fisheries Board, representatives of the various Insular 
education authorities met in the junior laboratory on 
April 6th to hear an address from Professor Herdman on 
“ Education,” especially in its relations to modern science 
and modern requirements. The Deemster Callow 
occupied the chair, the Clerk of the Rolls and other 
members of the Council of Education were present, and 
in the course of the lecture Professor Herdman showed 
how an institution such as the Biological Station might 
be utilised by the schools of the Island for purposes of 
training in observation and for giving facilities to 
teachers in connection with some aspects of higher 
education.” 


Mr. Daxktin’s REPORT. 


“The following is a brief account of some of the 
research carried out during my stay at Port Erin, which 
lasted four months, from April Ist until the end of July. 
My time was spent chiefly on three subjects, two of which 
are more or less related, and work on these was com- 
menced at the Zoological Station of Naples. During the 
month of April, whilst Professor Herdman was at Port 
Erin, I took charge of the hydrographical observations 
made from his yacht, simultaneously with the plankton 
catches. There is now a very complete set of hydro- 
graphic apparatus at Port Erin,-and I was able to fit up 
a small chemical laboratory with the necessary apparatus 
for the analysis of sea-water, so far as chlorine and oxygen 
are concerned. A very complete series of observations 
was made, which will be published in connection with 
Professor Herdman’s Plankton Studies. After the HKaster 
vacation, quantitative tow-nettings were taken regularly 
twice a week at a locality out at sea, two to three miles 
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west of the Breakwater, and these were continued until 
the first week in July. They demonstrated, probably for 
the first time in the Irish Sea, the length of the period of 
the vernal diatom maximum, which this year extended 
to May 24th. 

“My other work dealt with the minute histology of 
the eye of Pecten, and a study of the visceral ganglion 
and the innervation of the osphradium in the Lamelli- 
branchiata. The former research is being published in 
the Quarterly Journal of Microscopical Science, and a 
preliminary communication on the latter will be given 
here. Representatives of twelve genera belonging to nine 
sub-orders have been examined, and the course of the 
osphradial nerves has been traced by the method of 
serial sections. In several recent text-books, statements 
have been made, based apparently on a short paper of 
Pelseneer’s, that the osphradium is innervated by the 
cerebral ganglion. Thus in the volume on the Mollusca 
in Ray Lankester’s ‘ Treatise on Zoology,’ we have ‘ The 
osphradial ganglion receives nerve fibre not from the 
visceral ganglion, but from the cerebral ganglion by way 
of the visceral commissure. A similar statement occurs 
in Lang’s ‘Comparative Anatomy.’ I find that in all the 
species examined, the osphradial nerve fibres arise from 
the branchial nerve, which takes its origin in the visceral 
ganglion, except in the case of Pecten maximus, where, in 
addition to this, two distinct nerves can be traced directly 
from the ganglion. No nerve fibres leave the cerebrovisceral 
connectives for the direct innervation of the osphradium. 

“During the examination of some of these lamelli- 
branchs, the remarkable Nemertean Malacobdella was 
discovered in the pallial cavity of Venus casina, and also 
in Mya truncata from Piel. The usual host is Cyprina 
wslandica, but I am not aware of any previous records of 
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the occurrence of this Nemertean worm in the Port Erin 
district, or of its occurrence in these two molluscs, though 
Mr. Johnstone tells me he has found it in Mya truncata 
at Piel. It is probably not restricted to these three species. 
“An interesting ciliate Infusorian, Lrenophora 
auerbachii, which is also, I believe, a new record for the 
district, turned up on the tentacles of Pecten maximus. 
“T should like to thank Professor Herdman, and 
also Mr. Chadwick, for the space allotted to me in the 
laboratory, which exceeded, I am afraid, very consider- 
ably the normal bounds, and for all the trouble they have 


_ taken to facilitate my work in various ways.” 


Mr. Gravery’s Report. 


“The stormy weather this summer interfered con- 
siderably with work on pelagic larve. For it was found 
that healthy specimens disappeared from the plankton 
during a storm, and did not return until almost all the 
sand which was stirred up had settled down again—a 
process which always took several days to complete. The 
only larva which I have to record as new to the bay is 
‘Ophiopluteus compressus,’ of the ‘ Nordisches Plankton,’ 
a single specimen of which was taken on July 22nd. As 
this presents a mode of development not hitherto recorded 
in Ophiuroids, a description of it may be of some interest. 
The hydroce] is situated on the left of the alimentary 
canal, and extends forwards slightly beyond the mouth, 
which would be perfectly symmetrical if it were not 
slightly drawn out into a point on the left side. The part 
of the hydrocel near the mouth, however, will not 
eventually surround it, for it already bears at least two 
pairs of developing tube-feet: and (from the presence and 
position of similar papille on other parts of the larva, and 
of certain small plates that appear to be developed in 
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connection with the hydrocel) it is evident that this is 
already star-shaped; that it is situated entirely on the 
left side of the pluteus and orientated as in Echinoplutei 
at this stage; and that the larval mouth will not take 
part in the formation of the permanent mouth. Moreover, 
as in Hchinus again, there appears to be a membrane 
closing in an amniotic cavity, into which the tube-feet 
project. The plates of the Ophiuroid to which the larva 
gives rise have developed to such an extent that the 
‘terminal’ plates of the arms project from the body in 
the form of a star, but (like the hydroccel) instead of 
lying in the horizontal plane of the pluteus, as is usually | 
the case at such an advanced stage of development, they 
he in a plane at right angles to this—-the plane in which 
they always make their first appearance in Ophioplutei. 
The plates of the aboral surface have reached a 
corresponding stage in their development, and also he 
roughly in the plane of their original formation. These 
‘terminal’ and aboral plates do seem to have moved very 
slightly towards the position assumed by those of other 
Ophioplutei, but this movement, as shown by the position 
of the middle of the central (aboral) plate, only amounts 
to a rotation through about 12° instead of 90°. It is 
unlikely, in view of the condition of the hydroceel, that 
any further rotation will occur; but that some migration 
of plates will take place is shown by the position of the 
‘terminal’ plate corresponding to the forwardly directed 
arm of the hydrocel. This plate, as noted above, is stall 
in its original position (i.e., near the stomach of the 
pluteus), whereas this arm of the hydroccel extends 
beyond the mouth. Thus the directness of development 
found in Hchinus, where the plates and soft parts arise 
together in their final relative positions, has not been fully 
acquired by this Ophiuroid. 
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“From this account it will be seen that the mode of 
development of Ophiopluteus compressus, whilst retaining 
traces of that usually found in Ophiuroids, is as a whole 
much more like that of Echinoids. 

‘““A few specimens of the epauletted Ophiopluteus 
noted in my last year’s report were again obtained. They 
are probably identical with Mortensen’s Ophiopluteus 
hensent, a species described from a single specimen from 
Bermuda in the report of the German plankton expedi- 
tion. The absence of the skeleton in Mortensen’s 
specimen, however, must make any identification a little 
uncertain. | 

“The following Polychaets, all from under stones 
and Laminarian roots at Poyllvash, are, I believe, new to 
the L.M.B.C. area:-—Sphaerodorum sp., Nematonereis sp., 
Staurocephalus sp., Scoloplos (Theodisca) mamillata 
(Clap.)—also found in Port Erin Bay below the Biological] 
Station, Polydora caeca (irst.), and Dodecaceria (?? con- 
charum, COkrst.). 

“As all these worms were obtained in two short 
visits, a full investigation of the locality would probably 
yield many more new forms. 

“Amongst the Laminarian roots a small specimen of 
the locally rare Phascolosoma vulgare was found, and 
a smaller Gephyrean was fairly abundant. The specimens 
of the latter are maggot-like creatures, 5-8 mm. in 
length, with an introvert of about 4-6mm. The lopho- 
phore is represented, as in the genus Petalostoma, only by 
a pair of lobes—-which, however, vary a great deal in 
distinctness, and often appear to be entirely absent. 
Moreover, the Poyllvash species differs from the type 
(P. minutum, Ref.) in having only two instead of four 
retractors. 


“As no investigations of the worm parasites of the 
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district appear to have been made as yet, I should like to 
record here the great abundance of the curious Gregarine 
Ancora (Anchorina, Ming.) sagittata in the gut of the 
common Capitella of Port Erin sands, and of the ( ?) ciliate 
Anoplophrya in the gut of Cirratulus.” 


Dr. Roar’s PuystonocicaL Work. 


Dr. H. EK. Roaf continued his investigations of last 
year” on the digestive processes in marine invertebrates. 
The results so far are partly in the form of observations 
on the nature of the food and the manner of feeding of 
several species, but more especially of Hchinus esculentus, 
and partly experiments directed to determine the presence 
of acid or alkali in the alimentary canal during digestion. 
This latter investigation was carried out by using food 
dyed with chemical indicators, so that on examination 
after various periods of digestion the degree of the 
reaction could be determined. These experiments also 
gave some information as to the reaction of the organs, 
other than digestive, as the indicators when absorbed 
were capable of colouring the tissues in general. 

A large white anemone (Actinoloba dianthus) was fed 
with pieces of fibrin soaked in methylene blue, with the 
result that the tentacles, and to a less extent the mouth- 
disc, became stained in a most striking manner. The blue 
tint is remarkably persistent, and remained unaltered for 
seven months, while the anemone was under observation 
in the tanks. Mr. Chadwick states that the colour has 
recently become re-distributed, and is now confined to a 
series of bands running circularly around the body-wall, 
and especially at the upper end close to the bases of the 
tentacles. 


* Since published in the Bio-Chemical Journal, Vol. iii,, 1908, pp. 462-472. 
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Whilst collecting large white anemones for this and 
similar work, Dr. Roaf found a specimen (see fig. 4) 
which was nearly divided into two distinct anemones. The 
mouth-dises and circles of tentacles are absolutely 
separate, but the two bodies join about two-thirds of the 
way up from the base. This is probably a case of 
partial fission, such as is known to occur sometimes in this 
and other anemones. G. H, Parker has described it in the 


Fic. 4.—Specimen of Actinoloba diantius showing fission. 


American MMetridium marginatum, and Dr. J. A. Clubb 
found the same in a Metridiunf (Actinoloba) from the 
Mersey, which completed its longitudinal fission in the 
tanks under his observation. Dr. Roaf found that when 
one mouth was fed with neutral-red stained food, the neigh- 
bouring tentacles became pink and remained coloured for 
four weeks, while those around the other mouth remained 
white. When one disc was stimulated the tentacles of 
that part contracted, and those of the other only followed 
more slowly after a slight interval, probably as a result 
of a secondary stimulation caused by the contracted state 
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of the neighbouring body exercising a pull upon the 
tissues. It is therefore inferred that in this “ Siamese- 
twin” arrangement there is no communication between 
the digestive cavities and no direct nervous connection. 

Dr. Roaf made a number of interesting observations 
on the manner in which Kchinus, the Sea-urchin, catches 
its food and passes it around the body by means of its 
pedicellarie, spines and tube feet, and on the movements 
of the teeth when the desirable particle is approaching the 
mouth. All of these investigations will be published in 
fuller detail in a paper to appear shortly. 


Dr. Francis WaRrpD’s PHOTOMICROGRAPHS. 
(See Plates IT and III, pp. 34 and 35). 


“At the invitation of Professor Herdman, I show 
(Plates II and III) a few photographs of the early life- 
history of the plaice taken in the Fish Hatchery at Port 
Erin in May, 1909, and will describe the methods I em- 
ployed in making these records of the living specimens. 
No. 1 shows the Plaice Larva almost hatched, x 25. 

“ T noticed that during hatching the tail 1s frequently 
used as a fixed point; and then by spasmodic contractions 
of the back muscles the head and shoulders are made to 
impinge on the edge of the originally small rent in the 
ego membrane, until the opening is torn large enough to 
permit the larva to escape. 

No. 2 shows the Plaice Larva hatching tail first, x 25. 

“In photographing various larve hatching, I have 
observed that certain fish, eg., the Perch (Perca 
fluviatilis), which have a very small yolk sac, hatch tail 
first, then the body, and lastly the head, through a small 
hole; Lut with Plaice larve, as with Salmonoid Alevins, 
hatching is delayed at the stage shown until the head also 
breaks through. 
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No. 3. Plaice Larva hatched 3 minutes, 65 mm. in 
length, x 15. 

“In No. 5 the hght was moved slightly to one side, so 
that the illumination was partly by transmitted and 
partly by reflected hght, and the light being no longer 
directed into the lens, a dark background was obtained. 
This method is very useful in photographing delicate 
structures. 

* Nos. 4 to 9 (PI. IIT) show the changes by which the 
bi-laterally symmetrical larva becomes an asymmetrical 
flat fish. All are enlarged about 7 times. 

No. 4. Larva just hatched, length 65 mm. 
No. 5. Larva hatched 7 days, length 7°5 mm. 
No. 6. Larva of length 9°5 mm. 

No. 7. Larva of length 10 mm. 

“This specimen shows a greater relative growth dorso- 
ventrally than longitudinally, a sign of commencing 
metamorphosis which is supposed to oceur about the 30th 
day after hatching. 

No. 8 Larva of length 11°5 mm. 

“ This shows the rotation of the cranium through its 
longitudinal axis, and the consequent carrying over of the 
left eye. 

No. 9. Larva of length 15 mm. 

* This shows the metamorphosis progressing, and the 
next stage examined showed it completed. 

* The first five photographs were from ova or larve in 
the hatching boxes; the last four specimens were obtained 
from the spawning ponds at the Biological Station. ‘All 
the specimens were photographed while alive, except 
No. 9. In this case I waited until the heart stopped 
beating, in order to show that structure satisfactorily. 

“As to the apparatus used :—A deal board, four feet 
long and six inches wide. carried on one side two rails, 
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four inches apart, running the whole length. At one end 
of the board was screwed a 5 x 4 Planex Reflex camera. 
I removed the panel carrying the lens, and temporarily 
fixed on a 10-inch wooden extension for the lower 
magnifications, and a longer extension made with wire 
and brown paper for the higher magnifications. These 
extensions ran along the rails as the camera was racked 
out. <A 2-inch block of wood, also running on the rails, 


Fic. 5.—Four stages in the early development of the Plaice before 
hatching. From photomicrographs by Edwin Thompson. 


carried a cell in which was the living larva in sea-water. 
A second block of wood carried an 8-inch condenser. The 
illumination was obtained from an acetylene bicycle 
lamp. 

“The lens used for photographs 1,2 and 8 was a Zeiss 
micro-planar of 35 mm. focal length; and for photographs 
4 to 9 a 34-inch Beck. The lenses were stopped down 
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from F 11 to F 16, and the exposures varied from 10 to 
15 seconds. 

* For this kmd of work the best lens is one of about 
3-inch focal length, the magnification being obtained by 
having the plate a considerable length from the lens; by 
this means the whole thickness of the object to be photo- 
graphed can be brought into focus without having to use 
a small stop and so sacrifice light. 

“These photographs were taken with the cell in a 
vertical position, and the cell used was just the depth of 
the object to be photographed, which object was kept in 
position by the cover glass. This method entails 
considerable trouble, and there is a danger that the 
specimen may be compressed. 

“ Since returning from Port Erin I have constructed a 
more elaborate apparatus, so as to be able on my next 
visit to photograph specimens with the cell in a horizontal 
position, and so avoid all risk of compression. 

“JT have to thank Mr. Chadwick, and his assistant, 
Mr. T. Cregeen, for the immense trouble they took in 
procuring suitable specimens in the successive stages, and 
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Mr. W. J. Dakin for many useful suggestions.’ 


In addition to the above described work by Dr. F, 
Ward, our Hon. Treas., Mr. Hdwin Thompson, has devoted 
much attention during the year to making Photomicro- 
graphs of living Plankton. Fig. 5 shows four of his series 
illustrating the embryonic development of the plaice. 
These all represent earlier stages than those figured by 
Dr, Ward (Pl. IL.), which commenced with the hatching 
of the larve. Mr, Thompson has also prepared a number 
of photomicrographs of typical samples of different kinds 
of plankton, and a few of these are shown in Pl. L, p, 33. 
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“OUR FOOD FROM THE SEA.” 


It is plain, from questions that have been asked from 
time to time by readers of these Annual Reperts and by 
visitors to the Biological Station, that some of our 
supporters, both in Liverpool and the Isle of Man, would 
be glad of further imformation as to the nature of 
‘Plankton,’ and as to the method and object of that 
Plankton investigation to which so much attention has 
been devoted during recent years. I shall therefore quote 
here, with a few alterations and additions, some 
paragraphs from an address on “Our Food from the 
Waters,” given before the British Association, at 
Winnipeg, this autumn—the argument being that the 
marketable fish which man obtains from the sea and from 
fresh-waters are ultimately dependent for existence upon 
the minute plants and animals found in varying quantity 
in all waters, and known as “ Plankton”; and that in 
collecting, examining and attempting to estimate the 
quantities of such organisms, under different conditions, 
and to account for the marked variations in these 
quantities, the Biologist is dealing with important 
economic questions, and at the same time is brought face 
to face with some of the greatest world problems still 
unsolved by science. 

It is possible to collect samples of the surface 
Plankton of the sea in any required quantity per day or 
hour from an ocean liner going at full speed, and such 
gatherings have now been made from traverses across 
several of the great oceans. ‘lhe method is simple, eftec- 
tive, and inexpensive; and the gatherings, if taken 
continuously, give a series of samples amounting to a 
section through the surface layer of the sea, a certain 
volume of water being pumped in continuously through 
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the bottom of the ship, and strained through the fine silk 
nets, the mesh of which may be the three-hundredth of an 
inch across, before passing out into the sea again. In 
examining with a microscope such a series of gatherings 
across an ocean, two facts are brought prominently before 
the mind: 


Fic. 6.—The Hensen Quantitative Net. 


(1) The constant presence of a certain amount of 
minute living things; 
(2) The very great variation in the quantity and in 


the nature of these organisms, 
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Such Plankton gatherings taken continuously from 
an ocean liner give, however, information only in regard 
to the surface fauna and flora of the sea—including many 
organisms of fundamental importance to man as the 
immediate or the ultimate food of fishes and whales and 
other useful animals. 

It was therefore a great advance in Planktology when 
Professor Victor Hensen (1887) introduced his vertical, 
quantitative nets (fig. 6) which could be lowered down and 
drawn up through any required zones of the water. The 
highly original ideas and the ingenious methods of 
Hensen and his colleagues of the Kiel School of 
Planktology—whether all the conclusions which have 
been drawn from their results be accepted or not—have 
at the least inaugurated a new epoch in such oceano- 
graphic work; and have inspired a large number of 
disciples, critics and workers in most civilised countries, 
with the result that the distribution of minute organisms 
in the oceans and the fresh waters of the globe is now 
much more fully known than was the case twenty, or even 
ten, years ago. But perhaps the dominant feeling on the 
part of those engaged in this work is that, notwithstanding 
all this activity in research and the mass of published 
literature to which it has given rise, much still remains to 
be done, and that the Planktologist is still face to face 
with some of the most important unsolved problems of 
Biology. 

The fundamental ideas of Hensen were that the 
Plankton, or assemblage of more or less minute drifting 
organisms (both animals and plants) in the sea, is 
uniformly distributed over an area where the physical 
conditions are approximately the same, and that by taking 
a comparatively small number of samples it would be 
possible to calculate the quantity of Plankton contained 
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at the time of observation in a given sea area, and to 
trace the changes of this Plankton both in space and time. 
This was a sufficiently grand conception, and it has been 
of great service to science by stimulating many workers 
to further research. In order to obtain answers to the 
problems before him, Hensen devised nets of the finest 
silk of about 6,000 meshes in the square centimetre, to 
be hauled up from the bottom to the surface, and having 
their constants determined so that it was known what 
volume of water passed through the net under certain 
conditions. (See figure of the silk on PI. IV., p. 36). 

Now, if this constancy of distribution postulated by 
Hensen could be relied upon over considerable areas of 
the sea, far-reaching conclusions, having important 
bearings upon fisheries questions, might be arrived at; 
and such have, in fact, been put forward by the Kiel 
Planktologists and their followers, and have been quoted 
on many occasions. 

Such generalisations are most attractive, and if it 
ean be established that they are based upon sufficiently 
reliable data, their practical utility to man in connection 
with sea-fishery legislation will be very great. But the 
comparatively small number of the samples, and the 
observed irregularity in the distribution of the Plankton, 
such as the examples given for the Irish Sea in the last 
two of these Annual Reports, and over still wider areas 


.such as the North Sea, leave the impression that further 


observations are required before such conclusions can be 
accepted as established. 

Of the criticisms that have appeared in Germany, in 
the United States and elsewhere, the two most funda- 
mental are: (1) that the samples are inadequate; and 
(2) that there is no such constaney and regularity in 
distribution as Hensen and some others have supposed. 
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Tt has been shown by Kofoid, by Lohmann, and by others 
that there are imperfections in the methods which were 
not at first realised, arid that under some circumstances 
anything from 50 to 98 per cent. of the more minute 
organisms of the Plankton may escape capture by the 
finest silk quantitative nets. The mesh of the silk is 


e 


Fic. 7.—Closing Petersen-Hensen Net { Fic. 8._The same quantitative plankton 1 
going down open. net comingfupiclosed. 
1-300th inch across, but many of the organisms are only 
1-3000th inch in diameter, and so can readily escape. 
Other methods have ‘been devised to supplement the 
Ilensen nets, such as the filtering of water pumped up 
through hose-pipes let down to known depths, and also 
the microscopic examination in the laboratory of the 
centrifuged contents of comparatively small samples of 
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water obtained by means of closing water-bottles from 
various zones in the ocean. But even if deficiencies in 
the nets be thus made good by supplementary methods, 
and be allowed for in the calculations, there still remains 
the second and more fundamental source of error, namely, 
unequal distribution of the organisms in the water; and 
in regard to this a large amount of evidence has now been 
accumulated, since the time when Darwin, during the 
voyage of the “ Beagle’ on March 18, 1832, noticed off 
the coast of South America vast tracts of water discoloured 
by the minute floating Alea, T'rechodesmium erythreun, 
which is said to have given its name to the Red Sea, and 
which Captain Cook’s sailors in the previous century 
called “ sea-sawdust.’’ Many other naturalists since have 
seen the same phenomenon, caused both by this and by 
other organisms. It must be of common occurrence, and 
is widespread in the oceans, and it will be admitted that 
a quantitative net hauled vertically through such a 
Trichodesmium bank would give entirely different results 
from a haul taken, it might be, only a mile or two away, 
in water under, as far as can be determined, the same 
physical conditions, but free from Trichodesmium. 

Nine nations bordering the North-West seas of 
Kurope, some seven or eight years ago, engaged ina joint 
scheme of biological and hydrographical investigation, 
mainly in the North Sea, with the declared object of 
throwing light upon fundamental facts bearing on the 
economic problems of the fisheries. One important part 
of their programme was to test the quantity, distribution, 
and variation of the Plankton by means of periodic 
observations undertaken four times in the year (February, 
May, August and November) at certain fixed points in the 
sea. Many biologists considered that these periods were 


too few and the chosen stations too far apart to give 
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reliable results. It is possible that even the original 
promoters of the scheme would now share that view, and 
the opinion has recently been published by the American 
Planktologist, Professor C. A. Kofoid—than whom no one 
is better entitled, from his own detailed and exact work, 
to express an authoritative verdict—that certain recent 
observations “can but reveal the futility of the Plankton 
programme of the International Commission for the 
investigation of the sea. The quarterly examinations of 
this programme will, doubtless, yield some facts of value, 
but they are truly inadequate to give any reliable view of 
the amount and course of Plankton production in the sea.”* 

It is evident that before we can base far-reaching 
generalisations upon our Plankton samples, a minute 
study of the distribution of life in both marine and fresh 
waters at very frequent intervals throughout the year 
should be undertaken. Kofoid has made such a minute 
study of the lakes and streams of Illinois, and C. D. Marsh 
of those of Wisconsin; and similar intensive work is now 
being carried out at several localities in Europe. 

Too little attention has been paid in the past to the 
distribution of many animals in swarms, some parts of the 
sea being crowded and neighbouring parts being destitute 
of such forms, and this not merely round coasts and in the 
narrow seas, but also in the open ocean. For example, 
some species of Copepoda and other small crustacea occur 
notably in dense crowds (fig. 11, Pl. I), and are not uni- 
versally distributed, This is true also of some of the 
Diatoms, and also of larger organisms. Many 
naturalists have remarked upon the banks of 
Trichodesmium, of Meduse and Siphonophora, of 
Salpe, of Pteropods, of Peridinians and of other 


* “Tnternationale Revue der Hydrobiologie und Hydrographie,”’ 
Vol. I., p. 846, December, 1908, 
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mainly of Ceratywm tripos. 


Fig. 9. Peridinian Plankton 


Fie. 12. Diatom Plankton, consisting 
mainly of Coscinodiscus and Biddulphia. 


One Temora is seen. 


Fic. 11. Copepod Plankton, consisting mainly 
of Acartia discaudatu. 


Puater II. 
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Fic. 19. Cypris stage of Balanus. 
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common constituents of the Plankton. It is possible, how- 
ever, that in some parts of the ocean, far from land, the 
Plankton may be distributed with the uniformity supposed 
by Hensen. It is important to recognise that at least three 
classes of locality exist in the sea in relation to distribution 
of Plankton :— 

(1) There are estuaries and coastal waters where 
there are usually strong tidal and other local currents, 
with rapid changes of conditions, and where the Plankton 
is largely influenced by its proximity to land. 

(2) There are considerable sea areas, such as the 
centre of the North Sea and the centre of the Irish Sea, 
where the Plankton is removed from coastal conditions, 
but is influenced by various factors which cause great 
irregularity in its distribution. These are the localities 
of the greatest economic importance to man, and to which 
attention should especially be directed. 

(3) There are large oceanic areas in which there may 
be uniformity of conditions, but it ought to be recognised 
that such regions are not those in which the Plankton is 
of most importance to men. The great fisheries of the 
world, such as those of the North Sea, the cod fishery in 
Norway, and those on the Newfoundland Banks, are not 
in mid-ocean, but are in areas around the continents, 
where the Plankton is irregular in its distribution. 

As an example of a locality of the second type, 
showing seasonal, horizontal and vertical differences in 
the distribution of the Plankton, we may take the centre 
of the Irish Sea, off the south end of the Isle of Man. 
Here, as in other localities which have been investigated, 
the Phyto-Plankton is found to increase greatly about the 
time of the vernal equinox, so as to cause a maximum, 
largely composed of Diatoms, at a period ranging from 
the end of March tosome time in May. During tbis period 

c 
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the eggs of most of the edible fishes are hatched as larve. 
Figure 13 shows the curve formed by the catches of the 
total plankton in Port Erin Bay during 1908. 

This Diatom maximum is followed by an increase in 
the Copepoda (minute crustacea), which lasts for a con- 
siderable time during the early summer; and as the fish 
larvee and the Copepoda increase there is a rapid falling 
off in Diatoms. Less marked maxima of both Diatoms and 
Copepoda may occur again about the time of the autumnal 


SUGGS SRS00 0 S8 SES SRSR Rees a 
Reefer aol Senate sae a ete ea lat eta ma 
GHGs e EEG eee DeLee Ter sac cs Sialic 
POE ao pre eat tg Sit 
[ito eae Cosa sane OLDS HERSEK 
PCO ara PP AK Ton inlet 
Beeseenengceaanyt Be ASRS RR BAUR RRR TRORER eC 
aaa BESSE0 1 OSSeP WSR RR Reese 
COCCI 7 oak ipl date lids eek | 1 
BCC CCE TT fedindg lob ldbth Igivdnl | 11 
SSN SS RSS GG es Rete Seen e aes sees 
COC fe tosthty dvletagdsl PTT 
COCA SS as ee 
BEERS GR SR ESS Ses BERR RR ESSERE cee 
eT TPT tT Teo aI aad faa wtf fs i 
0 EEE AC 
SEE EEE CEE HCE DNo a 
CECE 
SHEE EEEE EE GAEEEEAEEEERRE EEE EEE EEE PRE EEE EE 
41s Ae Ree PPERees 
CEC CCC CCS See 
{SSSR SSSSE Pe ee Se ee Ce Pees == 52 ese 
ted [| CCT NAR 
BEE LLOLUSO LLL LOS Ob DREWWOER eo 
SBE ELCCE CCC PE a 


Eig? is: 


equinox. These two groups—the Diatoms (fig. 12) and the 
Copepoda (fig. 11)—are the most important economic con- 
stituents in the Plankton. A few examples showing their 
importance to man may be given:—Man eats the oyster 
and the American clam, and these shell-fish feed upon Dia- 
toms, Man feeds upon the cod, which in its turn may feed 
on the whiting, and that on the sprat, and the sprat on 
Copepoda, while the Copepoda feed upon Peridinians and 
Diatoms; or the cod may feed upon crabs, which in turn 
and these feed upon smaller forms which 


, 


eat ‘‘ worms,’ 
are nourished by the Diatoms. Or, again, man eats the 


MARINE BIOLOGICAL STATION AT PORT ERIN. 39 


mackerel, which may feed upon young herring, and these 
upon Copepoda, and the Copepoda again upon Diatoms, All 
such chains of food matters from the sea seem to bring one 
through the Copepoda to the Diatoms, which may be 
regarded as the ultimate “ producers ”’ of food in the ocean. 
Thus the living food of man from the waters of the globe 
may be said to be the Diatoms and other microscopie 
organisms quite as much as the fishes. 


Fig. 14.—Four samples of plankton taken with the same net, in the 
same locality, between April 5th and 15th, 1907, 
and ranging from 13 c.c. to 100 c.c. 


Two years ago, at the Leicester meeting of the British 
Association, I showed that if an intensive study of a small 
area be made, hauls being taken not once a quarter or 
once a month, but at the rate of ten or twelve a day, 
abundant evidence will be obtained as to: (1) variations in 
the distribution of the organisms, and (2) irregularities in 
the action of the nets. Great care is necessary in order to 
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ensure that hauls intended for comparison are really 
comparable. Two years’ additional work since in the same 
locality, off the south end of the Isle of Man, has only 
confirmed these results, viz., that the Plankton is lable 
to be very unequally distributed over the depths, the 
localities, and the dates. One net may encounter a swarm 
of organisms which a neighbouring net escapes, and a 
sample taken on one day may be very different in quantity 
from a sample taken under the same conditions next day. 
If an observer were to take quarterly, or even monthly, 
samples of the Plankton, he might obtain very different 
results according to the date of his visit. For example, on 
three successive weeks about the end of September he 
might find evidence for as many different far-reaching ~ 
views as to the composition of the Plankton in that part 
of the Irish Sea. Consequently, hauls taken many miles 
apart and repeated only at intervals of months can scarcely 
give any sure foundation for calculations as to the 
population of wide sea areas. 

These conclusions need not lead us to be discouraged 
as to the ultimate success of scientific methods in solving 
what may be called world-wide problems, but they suggest 
that it would be wise to secure by detailed local work a 
firm foundation upon which to build, and to ascertain 
more accurately the representative value of our samples 
before we base conclusions upon them. 

I do not doubt that in limited, circumscribed areas of 
water, in the case of organisms that reproduce with great 
rapidity, the Plankton becomes more _ uniformly 
distributed, and a comparatively small number of samples 
may then be fairly representative of the whole. That is 
probably more or less the case with fresh-water lakes; 
and I have noticed it in Port Erin Bay in the case of 
Diatoms. In spring, and again in autumn, when suitable 


ae 
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weather occurs, as it did two years ago at the end of 
September, the Diatoms may increase enormously, and in 
such circumstances they seem to be very evenly spread 
over all parts and to pervade the water to some depth; 
but that is emphatically not the case with the Copepoda 
and other constituents of the Plankton, and it was not the 
case even with the Diatoms during the succeeding year. 
I have published in a former report an observation 


—_ 


Fra. 15.—Series of plankton gatherings showing ‘‘ swarms” of certain 
organisms (Haeckel’s ‘‘ Monotones Plankton’’). 
The jars contain mainly Sagitta, Meduse, Zoéa, Calanus, and smaller 
Copepoda, going from left to right. 


that showed very definite limitation of a large shoal of 
crab Zoéas, so that none were present in one net while in 


another adjacent haul they multiplied several times the 


bulk of the catch and introduced a new animal in 
enormous numbers. Had two expeditions taken samples 
that evening at what might well be considered as the same 
station, but a few hundred yards apart, they would have 
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arrived at very different conclusions as to the constitution 
of the Plankton in that part of the ocean. 

It is possible to obtain a great deal of interesting 
information in regard to the “ hylokinesis ” (or changes of 
matter) of the sea without attempting a numerical 
accuracy which is not yet attainable. The details of 
measurement of catches and of computations of organisms 
become useless, and the exact figures are non-significant, 
if the hauls from which they are derived are not really 
comparable with one another and the samples obtained are 
not adequately representative of nature. If the stations 
are so far apart and the dates are so distant that the 
samples represent little more than themselves, if the 
observations are liable to be affected by any incidental 
factor which does not apply to the entire area, then the 
results may be so erroneous as to be useless, or worse than 
useless, since they may lead to deceptive conclusions. It 
is obvious that we must make an intensive study of small 
areas before we draw conclusions in regard to relatively 
large regions such as the North Sea or the Atlantic Ocean. 

That, however, is not an argument against the 
legitimate use of quantitative methods, with limitations, 
and for certain purposes. It is necessary to know more 
than the fact that a certain species is present at a given 
locality at a certain time. We must endeavour to get 
some measure of its abundance, and that can only be done 
satisfactorily by counting individuals; at the same time 
recognising the imperfections of the methods and the 
approximate nature of the result, so that the numerical 
estimate will be regarded as relative rather than absolute. 
Our apparatus is not perfect enough, nor is the distribu- 
tion of the organisms sufficiently uniform to enable us to 
calculate how many individuals of a Diatom, of a 
Copepod, or of a fish are present in the Irish Sea on a 
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particular occasion; but we may aim at being able to 
make, with a reasonable approximation to the truth, such 
statements as: There are about ten times as many Diatoms 
in a special part of the Irish Sea now as there were last 
week, and in round numbers twice as many as at the 
corresponding period of last year. 

With the object of formulating such views as to the 
nature of the Plankton at any particular time, and as to 


Fic. 16.—Plankton nets drying after an expedition on S.Y. ‘‘ Ladybird ”’ 
at Port Erin. (Photo by Edwin Thompson). 


the changes, both diurnal and seasonal, and the deter- 
mining factors of such changes, we must endeavour to 
make quantitative catches as accurately and as frequently 
as possible, so that our samples may be as nearly represen- 
tative and as nearly comparable one with another as the 
difficult conditions will admit. These catches should be 
made with standard nets, should be preserved and 
measured according to a uniform system, and may then be 
compared in bulk; but, in addition, the more important 
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organisms should be counted approximately, and the 
results, in round numbers, may be used in comparing 
catches or in tracing changes; but such figures should not 
be made the basis of calculations as to the total numbers 
of such organisms in the oceans. In brief, the numerical 
results of quantitative work should be regarded as giving 
relative but not absolute information. 
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Fic. 17.—Diagram showing the influence of the factors C, B, D, 
upon the life-history A. 


The factors causing the seasonal and other variations 
in the Plankton already pointed out may be grouped under 
three heads, as follows :— 

(1) The sequence of the stages in the normal life 
history of the different organisms. 

(2) Irregularities introduced by the interactions of 
the different organisms. 

(3) More or less periodic abnormalities in either 
time or abundance caused by the physical changes in the 
sea, which may be grouped together as “ weather.” 
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These are all obvious factors in the problem, and the 
constitution of the Plankton from time to time throughout 
the year must be due to their interaction. The difficulty 
is to disengage them from one another so as to determine 
the action of each separately (See fig. 17 which illustrates 
the effect of the above factors). 

Figure 18, on Plate IV, shows the Nauplius stage of 
the common rock barnacle (Balanus). The adult is present in 
abundance on tke rocks at Port Erin, and the Nauplii are 
sometimes found in enormous swarms in spring. Figure 
19 shows the succeeding or “ Cypris”’ stage, found in our 
tow-nets a little later and in much smaller quantities than 
the Nauplius—the reduced numbers in the later stage of 
the life-history being evidence of the action of enewies 
and other factors of the environment. 

Amongst the physical conditions coming under the 
third heading, the temperature of the sea is usually given 
avery prominent place. I shall allude here to one aspect 
only of this matter. 

It is often said that tropical and sub-tropical seas are 
relatively poor in Plankton, while the colder Polar regions 
are rich. In fishing Plankton continuously across the 
Atlantic it is easy from the collections alone to tell when 
the ship passes from the warmer Gulf Stream area into 
the colder Labrador current. This is the reverse of what 
we find on land, where luxuriant vegetation and abundance 
of animal life are characteristic of the tropics in contrast 
to the bare and comparatively lifeless condition of the 
Arctic regions. Brandt has made the ingenious suggestion 
that the explanation of this phenomenon is that the higher 
temperature in tropical seas favours the action of 
denitrifying bacteria, which therefore flourish to such an 
extent in tropical waters as seriously to diminish the 
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supply of nitrogen food and so limit the production of 
Plankton. Loeb,* on the other hand, has recently revived 
the view of Murray, that the low temperature in Arctic 
waters so reduces the rate of all metabolic processes, and 
increases the length of life, that we have in the more 
abundant Plankton of the colder waters several genera- 
tions living on side by side, whereas in the tropies with 
more rapid metabolism they would have died and 
disappeared. The temperature of the sea-water, however, 
appears to have little or no effect in determining the great 
vernal maximum of Phyto-Plankton. 

Considering the facts of photosynthesis, there is much 
to be said in favour of the view that the development, and 
possibly also the larger movements, of the Plankton are 
influenced by the amount of sunlight, quite apart from any 
temperature effect. 


Bullent showed the correlation in 1903-07 between the 
mackerel catches in May and the amount of Copepod 
Plankton in the same sea. ‘The food of these Copepoda has 
been shown by Dakin to be largely Phyto-Plankton; and 
Allen has lately$ correlated the average mackerel catch 
per boat in May with the hours of sunshine in the previous 
quarter of the year, thus establishing the following con- 
nection between the food of man and the weather :— 
Mackerel—Copepoda—Diatoms—Sunshine. One more 
example of the influence of ight may be given. Kofoid 
has shown that the Plankton of the Illinois River has 
certain twenty-nine-day pulses, which are apparently 
related to the lunar phases, the Plankton maxima lagging 
about six days behind the times of full moon. The light 
from the sun is said to be 618,000 times as bright as that 


* Darwin and Modern Science (Cambridge, 1909), p. 247. 
+ M.B.A. Journ., viii. 269. t M.B.A. Journ., vil. 394. 
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from the full moon; but the amount of solar energy 
derived from the moon is sufficient, we are told, appre- 
clably to affect photosynthesis in the Phyto-Plankton. 
The effectiveness of the moon in this photosynthesis to 
that of the sun is said to be as two to nine, and, if that is 
so, Kofoid is probably justified in his contention that at 
the time of full moon the additional light available has a 
marked effect upon the development of the Phyto- 
Plankton. 

As on land, so in the sea, all animals ultimately 
depend upon plants for their food. The plants are the 
producers and the animals the consumers in nature, and 
the pastures of the sea, as Sir John Murray pointed out 
long ago, are no less real and no less necessary than those 
of the land. Most of the fish which man uses as food spawn 
in the sea at such a time that the young fry are hatched 
when the spring Diatoms abound, and the Phyto-Plankton 
is followed in summer by the Zoo-Plankton (such as 
Copepoda), upon which the rather larger but still 
immature food fishes subsist. Consequently the cause of 
the great vernal maximum of Diatoms is one of the most 
practical of world problems, and many investigators have 
dealt with it in recent years. Murray first suggested that 
the meadows of the sea, like the meadows of the land, 
start to grow in spring simply as a result of the longer days 
and the notable increase in sunlight. Brandt has put 
forward the view that the quantity of Phyto-Plankton in 
a given layer of surface water is in direct relation to the 
quantity of nutritive matters dissolved in that layer. Thus 
the actual quantity present of the substance—carbon, 
nitrogen, silica, or whatever it may be—that is first used 
up determines the quantity of the Phyto-Plankton. 
Nathansohn in a recent paper* contends that what Brandt 
| * ‘«“ Monaco Bulletin,’’ No. 140. 
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supposes never really happens; that the Phyto-Plankton 
never exhausts any food constituent, and that it develops 
just such a rate of reproduction as will compensate for the 
destruction to which it is subjected. This destruction he 
holds is due to two causes: currents carrying the Diatoms 
to unfavourable zones or localities, and the animals of the 
Plankton which feed on them. The quantity of Phyto- 
Plankton present in a sea will then depend upon the 
balancing of the two antagonistic processes—the repro- 
duction of the Diatoms and their destruction. We require 
further knowledge in regard to their rate of reproduction 
and the amount of the destruction; but it has been 
calculated that one of these minute forms, less than the 
head of a pin, dividing into two at its normal rate of five 
times in the day, would at the end of a month form a mass 
of living matter a million times as big as the sun. The 
destruction that keeps such a rate of reproduction in check 
must be equally astonishing. It is claimed that the 
“ Valdivia” results, and observations made since, show 
that the most abundant Plankton is where the surface 
water is mixed with deeper layers by rising currents. 
Nathansohn, while finding that the hour of the day has no 
effect on his results, considers that the development of the 
Phyto-Plankton corresponds closely with evidence of 
vertical circulation. Like some other workers, he 
emphasises the necessity of continuous intensive work in 
one locality. The‘ Challenger ” and other great exploring 
expeditions forty years ago opened up problems of 
oceanography, but such work from vessels passing 
rapidly from place to place could not solve our present 
problems—the future lies with the naturalists at biological 
stations working continuously in the same locality the year 
round. Asan example of the complexity of such problems, 
there seem to be two kinds of Diatom maxima found by 
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Nathansohn in the Mediterranean, one of Chaetoceros 
due to the afflux of water from the coast, and one of 
Rhizosolenia calear-avis, due to a vertical circulation 
bringing up deeper layers of water. 

The same principles and series of facts could be 
illustrated from the inland waters. Lakes periodically 
show Plankton maxima, which must be of vast importance 
in nourishing animals, and eventually the fishes used by 
man. Geologists have shown that Manitoba was in post- 
glacial times occupied by the vast lake Agassiz, with an 
estimated area of 110,000 square miles; and while the 
sediments of the extinct lake form now the celebrated 
wheat fields, supplying food to the nations, the shrunken 
remains of the water still yield, it is said, the greatest 
fresh-water fisheries in the world. It is to be hoped that 
nothing will be done further to reduce this valuable 
source of food. It is said that the Illinois fisheries yield 
at the rate of a pound a day throughout the year of cheap 
and desirable food to about 80,000 people—equivalent to 
one meal of fish a day for a quarter of a million people. 
The Canadian whitefish- alone has yielded, I see, in 
recent years over 9,000,000 lbs. in a year, and all 
scientific men who have considered fishery questions will 
note with approval that all the fishing operations are now 
carried on under the regulations of the Dominion 
Government, and that fish hatcheries have been established 
on several of the great lakes which will, along with the 
necessary restrictions, form, it may be hoped, an effective 
safeguard against depletion. Much still remains to be 
done, however, in the way of detailed investigation and 
scientific exploitation. It has been shown in European 
seas that the mass of living food matters produced from the 
uncultivated water may equal that yielded by cultivated 
land. When aquiculture is as scientific as agriculture the 
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regulated and cultivated waters of North America, both 


inland and marine, may prove to be more productive even 


eat wheat lands of Manitoba. 


than the gr 


may be put to many uses; sometimes 


Inland waters 


they are utilised as sewage outlets for great cities, 


onverted into commercial highways, 


sometimes they are c 


or they ma 


y become restricted because of the reclamation 


vw 


of fertile bottom lands. 


All these may be good and 


necessary developments, or any one of them may be 


the circumstances, but due regard 


obviously best under 


should always be paid to the importance and promise of 


a perpetual source of cheap and health- 


natural waters as 


tul food to the people of the country. 
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The above curves show the result of the temperature observations 
how the temperature of the sea (dotted) lags 
(whole lines), being higher in winter an 
in the height of summer. 


taken at the Biological Station during 1908, the last complete year. 


They show very clearly 
behind that of the air 
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L.M.B.C. Memoirs. 


During 1909 no less than three Memoirs have been 
issued: —-No. XVII, Prcren (the Scallop), by Mr. W. J. 
moro, Mose, No. XVIII; Eiepong, (the local 
“ Octopus”), by Miss A. Isgrove, M.Sc.; and No. XIX, 
on Porycnant Larva (the young stages of the Higher 
Worms) at Port Eri, by Mr. F. H. Gravely, M.Sc. 
Doris, the sea-lemon, by Sir Charles Eliot, and other 
Memoirs are also far advanced; and we hope to have a 
Memoir on our Irish Sea species of Ceratium and other 
Dinoflagellata from Prof. C. A. Kofoid, who did some 
work on our local material during his visit to our labora- 
tory in 1908. This unusual amount of excellent material, 
which the Committee is happy to be able to issue to the 
scientific world, is, however, embarrassing from the point 
of view of expense. Lithographic plates, such as these 
Memoirs require, seem to become more costly, and with 
the growing elaboration of the subject more detailed 
illustration is necessary. ‘The Committee are therefore 
always very grateful for special donations and grants 
which have in the past enabled the Treasurer to meet the 
expenses of plates for several of the above-mentioned 
Memoirs. Further donations to provide for the illustra- 
tions of those still unpublished will be very welcome. 

The following shows a list of the Memoirs already 
published or arranged for : — 


I. Ascipia, W. A. Herdman, 60 pp., 5 Pls. 
II. Carprum, J. Johnstone, 92 pp., 7 Pls. 
III. Ecuinvs, H. C. Chadwick, 36 pp., 5 Pls. 
IV. Copium, R. J. H. Gibson and H. Auld, 3 Pls. 
VY. Aucyontum, S. J. Hickson, 30 pp., 3 Pls. 
VI. LerropHTuEirus anp Lernma, A. Scott, 5 Pls. 
VII. Linevs, R. C. Punnett, 40 pp., 4 Pls. 
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VIII. Pratce, F. J. Cole and J. Johnstone, 11 Pls. 
IX. Cuonprvs, O. V. Darbishire, 50 pp., 7 Pls. 
X. Patera, J. R. A. Davis and H. J. Fleure, 4 Pls. 
XI. Arenicona, J. H. Ashworth, 126 pp., 8 Pls. 
XII. Gammarus, M. Cussans, 55 pp., 4 Pls. 
XIII. Anuripa, A. D. Imms, 107 pp., 8 Pls. 
XIV. Lieia, C. G. Hewitt, 45 pp., 4 Pls. 
XV. AntrEpon, H. C. Chadwick, 55 pp., 7 Pls. 
XVI. Cancer, J. Pearson, 217 pp., 18 Pls. 
XVII. Pecten, W. J. Dakin, 144 pp., 9 Pls. 
XVIII. Exveponz, A. Isgrove, 113 pp., 10 Pls. 
XIX. Potycnaer Larva, F. H. Gravely, 79 pp., 4 Pls. 
Doris, Sir Charles Eliot. 
CucumaRiA, E. Hindle. 
Oyster, W. A. Herdman and J. T. Jenkins. 
OstracoD (CyTHERE), Andrew Scott. 
Buccinum, W. B. Randles. 
Bueuta, Laura R. Thornely. 
SacitTa, EH. J. W. Harvey. 
ZostERA, R. J. Harvey Gibson. 
Himantuatia, F. J. Lewis. 
Diatoms, F. E. Weiss. 
Fucus, J. B. Farmer. 
Botryiuorpes, W. A. Herdman. 
Actin1a, J. A. Clubb. 
Hyproip, E. T. Browne. 
HALICHONDRIA AND Sycon, A. Dendy. 
SABELLARIA, A. T. Watson. 
In addition to these, other Memoirs will be arranged 
for, on suitable types, such as Pagurus, Pontobdella, 
a Cestode and a Pycnogonid. 
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We append to this Report : — 
(A) The usual Statement as to the constitution of the 
L.M.B.C., and the Laboratory Regulations; 
(B) The Hon. Treasurer’s Report, List of Subscribers, and 
Balance Sheet. 
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CONSTITUTION OF THE L.M.B.C. 
(Established March, 1885.) 


I.—The Oxssect of the L.M.B.C. is to investigate the 
Marine Fauna and Flora (and any related subjects such 
as submarine geology and the physical condition of the 
water) of Liverpool Bay and the neighbouring parts of 
the Irish Sea and, if practicable, to establish and maintain 
a Biological Station on some convenient part of the coast. 

I1—The Committee shall consist of not more than 12 
and not less than 10 members, of whom 8 shall form a 
quorum; and a meeting shall be called at least once a 
year for the purpose of arranging the Annual Report, 
passing the Treasurer’s accounts, and transacting any other 
necessary business. 

IiI—During the year the Arratrs of the Committee 
shall be conducted by an Hon. Director, who shall be 
Chairman of the Committee, and an Hon. TReasurer, 
both of whom shall be appointed at the Annual Meeting, 
and shall be eligible for re-election. 

Iv.—Any Vacancres on the Committee, caused by 
death or resignation, shall be filled by the election at 
the Annual Meeting, of those who, by their work on the 
Marine Biology of the district, or by their sympathy with 
science, seem best fitted to help in advancing the work of 
the Committee. 

V.—The Expenses of the investigations, of the publi- 
cation of results, and of the maintenance of the Biological 
Station shall be defrayed by the Committee, who, for this 
purpose, shall ask for subscriptions or donations from the 
public, and for grants from scientific funds. 

VI.—The Brotoetcat Station shall be used primarily 
for the Exploring work of the Committee, and the 
Specimens collected shall, so far as is necessary, be 
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placed in the first instance at the disposal of the members 
of the Committee and other specialists who are reporting 
upon groups of organisms; work places in the Biological 
Station may, however, be rented by the week, month, or 
year to students and others, and duplicate specimens 
which, in the opinion of the Committee, can be spared 
may be sold to museums and laboratories. 


LIVERPOOL MARINE BIOLOGICAL STATION 
AT 


PORT ERIN. 


LABORATORY REGULATIONS. 


I.—This Biological Station is under the control of the 
Liverpool Marine Biological Committee, the executive of 
which consists of the Hon. Director (Prof. Herdman, 
F.R.S.) and the Hon. Treasurer (Mr. E. Thompson). 

I1.—In the absence of the Director, and of all other 
members of the Committee, the Station is under the 
temporary control of the Resident Curator (Mr. H. C. 
Chadwick), who will keep the keys, and will decide, in the 
event of any difficulty, which places are to be occupied by 
workers, and how the tanks, boats, collecting apparatus, 
&c., are to be employed. 

Il1.—The Resident Curator will be ready at all 
reasonable hours and within reasonable limits to give 
assistance to workers ai the Station, and to do his best 
to supply them with material for their investigations. 

IV.—Visitors will be admitted, on payment of a small 
specified charge, at fixed hours, to see the Aquarium and 
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Museum adjoining the Station. Occasional public lectures 
are given in the Institution by members of the Committee. 


V.—Those who are entitled to work in the Station, 
when there is room, and after formal application to the 
Director, are:—(1) Annual Subscribers of one guinea or 
upwards to the funds (each guinea subscribed entitling to 
the use of a work place for three weeks), and (2) others 
who are not annual subscribers, but who pay the Treasurer 
10s. per week for the accommodation and privileges. 
Institutions, such as Universities and Museums, may 
become subscribers in order that a work place may be at 
the disposal of their students or staff for a certain period 
annually ; a subscription of two guineas will secure a work 
place for six weeks in the year, a subscription of five 
guineas for four months, and a subscription of £10 for the 
whole year. 

VI.—Each worker is entitled to a work place opposite 
a window in the Laboratory, and may make use of 
the microscopes and other apparatus, and of the boats, 
dredges, tow-nets, &c., so far as is compatible with 


the claims of other workers, and with the routine work of 
the Station. 


VII.—Each worker will be allowed to use one pint of 
methylated spirit per week free. Any further amount 
required must be paid for. All dishes, jars, bottles, tubes, 
and other glass may be used freely, but must not be 
taken away from the Laboratory. Workers desirous of 
making, preserving, or taking away collections of marine 
animals and plants, can make special arrangements 
with the Director or Treasurer in regard to bottles and 
preservatives. Although workers in the Station are free 
tc make their own collections at Port Erin, it must be 
clearly understood that (as in other Biological Stations) 
no specimens must be taken for such purposes from the 
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Laboratory stock, nor from the Aquarium tanks, nor from 
the steam-boat dredging expeditions, as these specimens 
are the property of the Committee. The specimens in 
the Laboratory stock are preserved for sale, the animals 
in the tanks are for the instruction of visitors to the 
Aquarium, and as all the expenses of steam-boat dredging 
expeditions are defrayed by the Committee, the specimens 
obtained on these occasions must be retained by the 
Committee (a) for the use of the specialists working at 
the Fauna of Liverpool Bay, (6) to replenish the tanks, 
and (c) to add to the stock of duplicate animals for sale 
from the Laboratory. 

VIII.—Each worker at the Station is expected to lay 
a paper on some of his results—-or at least a short report 
upon his work—before the Biological Society of Liverpool 
during the current or the following session. 

IX.—AlI] subscriptions, payments, and other com- 
munications relating to finance, should be sent to the 
Hon. Treasurer. Applications for permission to work at 
the Station, or for specimens, or any communications in 
regard to the scientific work should be made to Professor 
Herdman, F.R.S.,- University, Liverpool. 


Young Crabs (Zoéa and Megalopa stages)—enlarged. 
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APPENDIX B. 
HON. TREASURER’S STATEMENT. 


As usual the financial statement for the year is shown 
in the few following pages. 


Three new L.M.B.C. Memoirs have been published 
during the year, namely, Pecten (the common scallop), 
Eledone (an octoped cuttle fish) and Polychaet Larve. 
The two former are illustrated with finely lithographed 
plates, and the cost of producing them is necessarily great. 
Nineteen Memoirs have already been issued and there are 
more in course of preparation. Doris by Sir Charles Eliot 
is already far advanced, and it is hoped that Zostera, 
Sagitta, Buccinum and the Oyster will follow soon. 


Unless more funds are forthcoming the publication 
of these Memoirs will have to be delayed, and the Treasurer 
hopes that further donations will be received to meet their 
cost. The Aquarium at Port Erin continues to prove a 
source of great interest to visitors to the Isle of Man, but 
owing to the bad season it is to be regretted that the present 
receipts do not quite equal those of last year. 


The expenses of the Biological Station annually grow 
heavier, the work done there being continually on the in- 
crease as 1s shown in this Report. More subscribers are 
badly needed, and the Treasurer hopes that those 
interested in the work carried on by the L.M.B.C. will do 
what they can to help to increase the list. 

Kpwin THompson, 
Hon. Treasurer. 
1, Croxteth Grove, 
Liverpool. 
December, 1909. 


MARINE BIOLOGICAL STATION AT PORT ERIN. 


SUBSCRIBERS. 


Beaumont, W. I., Citadel Hill, Plymouth 
Briscoe, F. W., Colby, Isle of Man 
Brown, Prof. J. Campbell, University, Tivartool 


Browne, Edward T., B.A., 141, Uxbridge- 
road, Shepherd’s Bush, London 


Boyce, Sir Rubert, F.R.S., University, Mane ico 
Brunner, Mond & Co., Northwich... 


Brunner, Sir John, Bart., M.P., Silverlands, 
Chertsey 


Brooner, J. H. L., MLP. 23, Weatherly anions 
London, S.W. 


Bullen, Rev. R. Ashington, ‘signet ae on Woke 
Caton, Dr., 78, Rodney-street, Liverpool... 
Clubb, J. A., Dr., Public Museums, Liverpool 
Crellin, John C., J.P., Andreas, I. of Man... pe 
Crosfield, Harold G., Fulwood-park, Liverpool ... 
Dale, Vice-Chancellor, University, Liverpool 
Dimon-Nuttall &@. R., J.P., F.R.M.S., Prescot 
Kliot, Sir Charles, University, Sheffield ... 

Ellis, R. Williams, Chwilog, N. Wales 
Gaskell, Holbrook, J.P., the late, Woolton Teen 
Halls, W. J., 385, Lord-street, Liverpool ... E 
Headley, F. W., Haileybury College, Hertford ... 
Herdman, Prof., F.R.S., University, Liverpool ... 
Hewitt, David B., J.P., Northwich 

Hickson, Prof., .R.8., University, MEME hesioe. 
Holland, Walter, Carnatic Hall, Mossley Hill 
Holt, Alfred, Crofton, Aigburth, Liverpool 

Holt, Alfred, Dr., Crofton, Aigburth, Liverpool ... 
Holt, Mrs., Sudley, Mossley Hill, Liverpool 

Holt, P. H., Croxteth-gate, Sefton-park, Liverpool 


Forward 


pen 
P+ op 


ox 
S 


jt 
S 


MH DOF DOH HH POF HEHE HEP PHP NOrF KH OOH Fb 


EB DpoODF FH DP RF HEH FD eH 


£36 19 


59 


So aE © 


> 


Steere oleonenore © © © oS 6719'S OO.) O-2S oS 


60 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


Forward... 
Hoyle, Dr. W. E., Museum, Cardiff 
Isle of Man Natural History Society 
Jarmay, Gustav, Hartford, Cheshire 
Lever, W. H., M.P., Thornton Hough, Cheshire 
Lewis, Dr. W. B., Ww. Riding Asylum, Wakefield... 
Livingston, Charles, 16, Brunswick-st., Liverpool 
Manchester Microscopical Society... Pe 
Meade-King, R. R., 4, Oldhall-street, Tavee ponies 
Mond, R., Sevenoaks, Kent.. 
Monks, FB. W., Waitin lowe 
Muspratt, HE. K., Dr., Seaforth Hall, Eietnone 
Narramore, W., Ognpnae Avenue, Great Grose 


O’Connell, Dr. J. H., Dunloe, Heathfield-road, 
Liverpool 


Petrie, Sir Charles, Devoe Son tiverpcele 
Rae, Edward, Courthill, Birkenhead 
Rathbone, Mrs. Theo., Backwood, Neston... 


Rathbone, Miss eee Northumberland-street, 
London 


Rathbone, Mrs., Gas ce ier Tiveepel 
Roberts, Mrs. Isaac, Thomery, 8S. et M., France... 
Robinson, Miss M. E., Holmfield, Aigburth, L’pool 
Simpson, J. Hope, Ivy lodge, Aigburth, Liverpool 
Smith, A. T., 43, Castle-street, Liverpool... 

Tate, Sir W. H., Woolton, Liverpool i! 
Thompson & Capper, 4, Lord-street, Liverpool ... 
Thornely, Miss, Nunclose, Grassendale ... 
Thornely, Miss L. R., Nunclose, Grassendale 
Timmis, T. Sutton, Cleveley, Allerton 

Toll, J. M,, 49, Newsham-drive, Liverpool 
Walker, Alfred O., Uleombe Place, Maidstone 
Watson, A. T., Tapton-crescent, Sheffield... 


Forward 


Ss. ee 
36°419>-6 
Ce eas Ke 
ay 2 
Pets 
Pra A 
pe 
pH weet 6) 
Bs | ms 6 
GO FO." 
5 0 0 
2° 
5 Oa 
1 eae 
lL ia 
Lae 
I ee 
L ae 
5 ee ae, 
2 OD) 
ag 
1 ‘Qe 
0 .10°%G 
la 
2 2 0 
1a 
010 O 
yee aa 
g og 
pias! SE? i 
Se 
l hee 
£83 0 0O 


MARINE BIOLOGICAL STATION AT PORT ERIN. 61 


Soaoy Sp aC 
Forward . Sa OFO 
Whitley, H., Clovelly, Sefton-park, Liverpool 22, 30) 
Weiss, Prof. F. E., University, Manchester fe he 0 
Wiglesworth, Dr., Rainhill.. il, <0 
Wragg, Sir W., D.C.L., Port St. Mary, 1a of ee De 0) 
Yates, Harry, Shudehill, Manchester HLyeess Olan) 
289 6 0 
Less 
Subscriptions paid in 1908 ... ee mn we Da 
Do. unpaid ... a soeh bee SRG eet 8) 
£7115 0 
Add 
1908 Subscriptions received ... Sy eee ee) 
1910 do. dow gi ge bE Siegel meen ee) do 0 
£83 0 0 


SUBSCRIPTIONS FOR THE Hire oF ‘‘ WorK-TABLES.”’ 


Victoria University, Manchester ... a eee tO’ Oyen) 
University, Liverpool whe tbs | ie See sie L108 020 
University, Birmingham ... + ie LO ORD) 

£30 0 0 


The Naturalist’s Dredge. 


‘sqUBJUNOOOW poereqyavyy 


‘UdHLVAT ¥ MOOD 
4904409 pUnof{ puy pay~pny 


> . ‘ ‘ 
H ROG tet seeeeneceseeoeoseeees HUEBET TIT QOUBTBA—DUN.AT ALOULOT 606T “UIST Lequaoog ‘IoOdUaAN'T 
= 0'o" GLF qyuBYy ul [eq@—puny a WN ‘SOIASVANLT, “NOP 
Oo O T €LIF “* sereyg s,,0D esnoF ol[qng s,UvUyIOM YS ‘NOSdINOHL NIMAW 
—: pun poyseauTy pomopun 
— 
<i 
ee nes 
Op at ee 297 
RST Sha G TT 69F 
2} 
a Or (Ogg Ss" * puny ITOULa TA eas POdIp IRE TULOUL Seon a ove a ee ae apias & 
Te tes yas sHOmeyy Jo opty “ Boece ae a aaa 
ee tt OF Sigs sie ates ee ‘umnqaenby 09 SuoIsstuIpy * : 3 i. sotnctan Hiteeeeeeeeee g aupasIgsY & a Pl & 
Bee ee a eee pao oie at corecerseesarey COMETH SOMBRE Soe Ee: 
ery Cero eee ees eereesees “ce 

Bek a Scere, S094 sswIQ pur Ar0qtTOqeT ata se ee ena 
pi OUST ee pi peter ‘gsorequy yueg Sar ie pmeees MUON aie eet 

Go, fe s= Cana 968T weeny cee uo ysertoquy “ 4 B 
eins oer “ong ‘saxyqog ‘stiattoadg yo oes 0. AT ee eee Tee 

C205 0G an cee oe ee OR cc SOTVB LL FLOM », ll gear re reeeeerenes So Ack Re rT, 
S FO OILY LOF SOLPISIOATUL) UWlOIZ PeAtoool yunoury iia at Se cae er et ae « 
5 Da 88 eae eee poateoor suoTZVUO, puv suotydriosqng ‘ ecage i Rahn aS ane eaec canes SUOUIRML SOLU 
0. G BT rete ROBT ‘toquroseq puey ut sourreg <q 8 IT I * ATOUOTILIG pu SuIULIg OF, 
pee eae 606T ieee “COST 
= 
H 

wD ‘UHUNSVaUT, “NOH ‘NOSATINOHL NIMC HIIM INAODDW NT 1G 


62 


HH LLINNOO ADNOTOIA ANIYVA IOOdUHAIT WHE 


63 


Report on the INVEsTIGATIONS carried on during 1909 
m connection with the LancasHIRE SEA-FISHERIES 
Lasoratory at the University of Liverpool, and 
the Sma-FisH Hatcuery at Piel, near Barrow. 


Drawn up by Professor W. A. Herpman, F.R.S., Honorary 
Director of the Scientific Work; assisted by Mr. 
Anprew Scort, A.L.S., Resident Fisheries Assistant 
at Piel; and Mr. James Jonnsrone, B.Sc., Fisheries 
Assistant at the Liverpool Laboratory. 


(With plates and text ficures.) 
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INTRODUCTION AND GENERAL ACCOUNT OF 
THE WORK. 


In presenting this Annual Report (the 18th of the 
series) upon our scientific work to the Committee, I wish, 
as usual, to make a few comments upon the more special 
and detailed articles that follow, and to call attention to 
any matters in the present condition of sea-fisheries 
research to which the special notice of the Committee 
should be directed. 


When the last Report was published the organisa- 
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tion, equipment and work of our scientific department had 
just been reported upon very fully by the Treasury 
Committee which sat two years ago under the chairman- 
ship of Mr. H. J. Tennant, M.P. I think it may be said 
that our arrangements generally were approved of, and 
that it was felt by the Committee of Enquiry that local 
effort on the West coast was worthy of recognition and 
Government support. No action has, as yet, been taken 
upon the report of Mr. Tennant’s Committee. 

A change of considerable importance is, however, at 
present being brought about in the organisation and 
direction of official sea-fisheries research in this country, 
which it is to be hoped may lead to the West coast 
receiving in the near future somewhat the same measure 
of recognition and financial support as has been given 
during the last decade to similar scientific fisheries work 
on the eastern and the southern coasts of England. 

It is to be hoped that before long under the new 
auspices a detailed survey of our British fishing grounds, 
and of all waters within the territorial area, will be 
undertaken, and it is essential that such work at sea as 
has been carried on of late—for example, by our own 
Committee in the Irish Sea—should be continued, and 
even increased and improved. Almost every department 
of our work requires further financial support. We 
require a Naturalist to take charge of the observational 
work on the “James Fletcher,” and we require a 
Yhemical Assistant to carry on the investigations which 
have been so kindly undertaken for us in the past by 
Dr. Bassett. A more detailed statement of the existing 
laboratory and other scientific equipment for sea-fisheries 
investigation, now available for public service on the 
shores of the Irish Sea, was given in the Introduction to 
our last Report, and need not now be repeated. 


a 
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Work AT PIEL. 


Mr. Scott supplies his usual short article giving the 
results of the fish hatching at Piel during the past season. 
There is no change to record. The apparatus and the 
supply of adult fish is the same as it has been for some 
years, and the total number of young flat fish set free, 
nearly 134 millions, is practically the same as on several 
former occasions. The spawning in the Piel hatchery 
appears to take place definitely a little later in the season 
than that at Port Hrin in the Isle of Man. I may remind 
the Committee that at the Port Erin hatchery last season 
over seven millions of young plaice were successfully 
hatched and set free in the open sea. Both Fisheries 
Authorities—that of Lancashire and that of the Isle of 
Man—are to be congratulated on the co-operation of the 
other in thus adding to the available stock of young flat 
fish on the common fishing grounds. 

The four usual classes for fishermen were held this 
year, thus enabling 45 men in the administrative county, 
besides 15 others, to attend the instruction given by 
Mr. Johnstone and Mr. Scott at the Piel Laboratory. A 
change was made this year in regard to the fourth class 
whereby, with the co-operation of the Lancashire 
Education Committee, some instruction in Navigation as 
applied to fishing vessels was given to a set of men 
working on the Fleetwood trawlers with, it is said, very 
satisfactory results. It is gratifying to learn that a 
number of the students subsequently passed their Board 
of Trade examinations, and the experiment of providing 
this instruction in connection with the marine biology 
classes will probably be repeated. 

A considerable part of Mr. Scott’s time not required 
for routine official duties, such as the fish hatching and 
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the fishermen’s classes, has been occupied in working out 
the microscopic quantitative results of the plankton 
collections made by myself and others from the seas to 
the South and West of the Isle of Man, and this work is 
again, as in the last two years, incorporated in our joint 
paper on “‘ Intensive Study of the Plankton ” (Part III.) 
which will be found at the end of the Report. 

Mr. Scott has further devoted some time to the 
examination of the shell-fish beds of his neighbourhood, 
and I have re-printed a short report on the Flookburgh 
cockle-beds which he drew up for our last Quarterly 
Report to the Scientific Sub-Committee. 

Mr. Johnstone has carried on his work partly at Piel, 
partly at sea, and partly in the Liverpool laboratory, and 
his results will be seen in several of the articles in this 
Report. He has continued his work on the internal 
parasites of some of our local fishes—such as the Skate— 
and this forms the subject of one of the papers below. 


MEASUREMENTS OF PLAICE. 


One of the most extensive articles in this Report is 
an account by Mr. Johnstone of the measurements of 
many thousands of Irish Sea plaice which have been made 
by our staff at sea during the last couple of years. The 
object of this investigation is to get information with 
respect to the sizes of the plaice inhabiting the various 
fishing grounds in the district. The results of the 
trawling experiments and the statistics recorded in the 
past are not sufficiently exact and definite, so far as the 
size of the fish caught is concerned, to be of much value. 
This gap in our knowledge is now being filled up, and 
the statistics obtained during the last two years include 
individual measurements of nearly 100,000 plaice. 

In the summary of this work which Mr, Johnstone 
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gave in the last Quarterly Report, he directed attention 
to the following points :— 

(1) The prevalent, or modal, lengths of the plaice 
taken month by month on the various grounds by means 
of a 6-inch trawl net. ‘Those from Rock Channel, in the 
Mersey, were the smallest by far, and those from Red 
Wharf Bay, in December, were the largest, with the 
exception of some catches made off New Quay, in 
Cardigan Bay. The percentages of fish of each length, 
in centimetres, are given in the Report. The lengths in 
inches can be obtained by dividing the lengths in centi- 
metres by 24. 

(2) The variation in length from month to month. 

(3) The variation in “condition” from month to 
month, and on the various fishing grounds. As a rule the 
condition was worst, in the case of immature fish, in 
January and February, and best in July and August. 

(4) The small percentage of sexually mature, or 
spawning, fishes taken in inshore waters—except in Luce 
Bay, and in the Firth of Clyde. 

(5) The ages of the fish, the great majority of the 
plaice in the inshore grounds off the West Coast of 
Iingland and Wales being less than three years old. 

(6) The influence of the size of the trawl-net mesh. 
In spite of the enormous numbers of small plaice taken by 
the 6-inch trawl] mesh in some areas, like Rock Channel 
for instance, there is no clear evidence for the conclusion 
that the 6-inch mesh is wastefully destructive. The 
plaice are small, and are below the normal in “ condition ” 
because they are so abundant. If they could be “thinned 
out ” by transplantation it might be of advantage to the 
fisheries in general to enforce the 7-inch mesh. But so 
long as they cannot be transplanted, it is open to doubt 
whether the use of the larger mesh would lead to any 
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improvement, and it would certainly diminish the takings 
of the inshore fishermen. 

Future investigations may, however, lead one to 
modify this opinion. If, after several years’ employment 
of the 6-inch net, the plaice were, on the whole, to become 
smaller, the continued use of the latter net might be held 
to be injurious to the fisheries. The present investiga- 
tions ought therefore to be continued, and no doubt will 
be. The results obtained are bound to be of value in 
relation to regulations of the trawl-net mesh. 

It is pleasant to record that this work of the measure- 
ment of the plaice captured has been conscientiously and 
carefully carried out by Capt. Wignall and his Officers, 
and by the Bailiffs in charge of the districts. 


HypROGRAPHY. 


As on former occasions, Dr. Bassett, of the University 
Chemical Department, has very kindly taken the trouble 
to examine our samples of sea-water and report upon their 
salinity. Dr. Bassett contributes two articles to this 
Report, and in the first of these he discusses the main 
results obtained from the periodic hydrographic cruises 
made during 1909; while Mr. Johnstone in the next paper 
gives an account of the temperature observations made 
on the same cruises, and from some other data. ‘The effect 
of the distribution of temperature and salinity upon the 
movements of fishes in our seas is still to be determined, 
and such papers as those now presented by Dr. Bassett 
and Mr. Johnstone are important contributions to the 
subject. The accord which Dr. Bassett points out between 
the hydrographic observations and the general weather 
conditions of the British Islands is most interesting. He 
concludes with the hypothesis that “‘ the peculiar weather 
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of the last year is directly traceable to the late arrival of 
the Gulf Stream Drift, coupled with its unusually low 
temperature (due probably to greater admixture with 
Arctic water of low salinity)”; and bases upon this the — 
proposition that, after further work, it may prove possible 
to predict the general character of the summer. and 
autumn of any year from hydrographic observations made 
during February and March in the Irish Sea and English 
Channel, and similarly the probable nature of the 
succeeding winter, from observations made during the 
summer. 

In his second paper, Dr. Bassett discusses fully the 
view which he had referred to in former reports that there 
is a flow of water from South to North through the Irish 
Sea. He points out that some writers on hydrographical 
conditions in British seas seem to think that exactly the 
reverse current exists; and then he gives his data leading 
to the conclusion that, without any doubt, the water does 
actually flow from South to North through the Irish Sea 
as a whole—the current passing to the Hast of the Isle of 


Man. 


PLANKTON. 


My own contribution to this Report is the result of 
almost continuous daily work at sea during the Haster 
and a part of the summer vacation, testing plankton nets 
and other apparatus, and collecting samples of the 
organisms in the sea-water, along with samples of the 
water at various depths and sea-temperatures. This work 
was carried on from Port Erin as a centre, out to the 
middle of the Channel between Ireland and the Isle of 
Man and down to depths of 76 faths. In this work at sea, 
and also in the subsequent laboratory work ashore, I have 
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been ably assisted by Mr. W. J. Dakin and Mr. William 
Riddell. ‘The results obtained will be found in Part II] 
of the Plankton paper at the end of this Report. 


SHELLFISH AND POLLUTION. 


The state of the law in regard to the pollution of 
shell-fish beds by sewage is still a menace to the public 
health and a reproach to civilisation. The necessary 
legislative reform will no doubt come sooner or later; 
but if the Sea-Fisheries Local Authorities can do 
anything further to secure more immediate attention to» 
the evil and to insure its removal this year or next year 
in place of a decade hence, their action will deserve the 
sratitude of the community they represent and will 
receive the approval of posterity. 


W. A. HerpMan. 
FisHeRiks LABORATORY, 


UNIVERSITY OF LIVERPOOL, 


March 15th, 1910. 


SEA-FISHERIES LABORATORY. Taal 


BISH HATCHING AT PIREL. 
By ANDREW Scorr. 


The results from the fish hatching conducted in the 
Spring of 1909 were almost similar to those obtained in 
1907 and 1908. The maturing plaice were collected in 
the closed area of Luce Bay by our Fisheries steamer 
5.8. “James Fletcher,’ and we are very much indebted 
to the Fishery Board for Scotland for granting us per- 
mission to trawl in this protected fishing ground each 
year. It ensures that a supply of adult plaice will be 
secured in a very limited time, and consequently they can 
be conveyed to Piel under the most favourable conditions. 
Without such a privilege it would be almost impossible 
to get satisfactory fish; at any rate, it would necessitate 
spending several days at sea trawling in all directions, 
and consequently the captured fish would be landed in a 
very exhausted condition. The parent flounders were 
caught in the vicinity of Piel, as usual, by the police 
cutter stationed in the northern division of the Lancashire 
district. 

The fish commenced to spawn on March 4th, and the 
first fertilised eggs were obtained five days later. The 
spawning lasted for two months. During that time one 
million four hundred thousand plaice eggs were obtained, 
and thirteen milhon eight hundred thousand flounder 
egos. ‘The incubation of the eggs was carried out in the 
Dannevig hatching apparatus, and the resulting fry were 
afterwards liberated in the sea. The parent fish were set 
free in the channel adjoining the establishment. 
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The following tables give the number of eggs 
collected, and of the fry hatched and set free on the dates 
specified : — | 


Puatce (Pleuronectes platessa, Linn.). 


Eggs Collected. Fry Set Free. 

March~ 9° 2.5, -207000 17,500 ... March 26 
tO ihre 3 (0010 26,000... | 
yal eS ee006 40,000 ... s 31 
i eT ae LOO 44,000 ... 2 is 
a LO, ee pa OIG Dig0O. 5, a 3 
a Tot SeOne 62,000 ... April 6 
, 94... 75,000 66,500 °... aa 
TE oa ee es TIGTS) $O;000 xe a es 
a. tO. tac p ROOD TOO ss. 12 
58. oO, Seen OUe FOO ts. 3 A! 

April sit) s.r ge 0G TAIOOO 65.4. ‘ 5 
35 oy: eae) 84,500 ... ie 19 
+ OF) 568 eo 000 84,500... Re i 
Ht 8 ar aC O08 2,000)... 3 - 
- LD, ee 88,000 TROOO A. is 24 
1a icc OOOO (0,000): 20. - “ 
AS 16 as Hf OL00G 66,500... 7" 30 
pt ANE ae. Se GO 000 el 50D"? ae a. 
= tel 203) 55.000 47,500 ... May 14 
- 26 ...- 40,000 34,500 ... bs és 
i a0 sa) 20,000 pi OO) hae ee . 22 

May s)S° \ i) 20,000 B/O00K 0 as. ‘J Bs 


Total Eggs 1,400,000 1,231,000 Total Fry. 
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Frounper (Pleuronectes flesus, Linn.). 
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Eggs Collected. Fry Set Free. 

March 9 150,000 ide, 000P 2) Marehe3i 
Pals 200,000 SEA OOOM Sy be 
sere auld 300,000 S00 O00 es. xorily 26 
Peeeien. 450,000 ZOOSOOOR tex). *), E 
Pees —G50;000 580,000 is KL 
peeve. § 690,000 ~ 680,000 ee 12 
pene! 700,000 600,000 wi - 
ave D6 800,000 712,000 Ms i 
kip hae 850,000 797,000 uy i) 
Pe a8) 950,000 846,000 i i 
apereet=... 900,000 846,000 ss 5 
p ae £000,000 887,000 i 24 
as ame 900,000 800,000 4 a 
a 8 900,000 800,000 ue im 
a 12 900,000 800,000 BY 30 
a 14 850,000 757,000 f - 
a 16 650,000 580,000 a a 
a ig 600,000 530,000 May 14 
a 21 450,000 400,000 a ” 
a 26 300,000 300,000 ht 3 
ms 30 300,000 300,000 A 22 
May 5) 150,000 133,000 a 3) 

Total Eggs 13,800,000 12,218,000 Total Fry. 


Total Number of Eggs... 
Total Number of Fry 


15,200,000 
13,449,000 
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CLASSES, VISITORS, &., AT PIEL. 
By ANDREW Scorvt. 


Four classes for fishermen were held in the Spring of 
1909. The Education Committee of the Lancashire 
County Council voted the usual money grant, which 
enabled forty-five fishermen residing in the administrative 
County to receive studentships and attend a course of 
instruction at the Piel Marine Laboratory. The Cheshire 
Kducation Committee sent four men, and the Southport 
Education Committee also sent four. The Blackpool 
Kducation Committee again sent three men. The 
Education Committee of Birkenhead sent two Tranmere 
fishermen. Altogether fifty-eight men attended the 
classes and received instruction in elementary Marine 
Biology. The studentship holders were divided into four 
classes—three of fifteen each, and one of thirteen, as 
shown by the following lists : — 

First Class, held March 8th to 19th.—John Hutton, 
Flookburgh; Richard Stackhouse, Bolton-le-Sands; 
John Willacy, Morecambe; John Mount, Morecambe; 
Samuel Baxter, Morecambe; Jas. Wm. Gardner, Sunder- 
land Point; William Parkinson, Blackpool; Richard 
Cornall, Blackpool; R. Westhead, Blackpool; Alfred 
Whiteside, Lytham; George Henry Oxley, Lytham; 
Thomas Wareing, Banks; Paul Wareing, Banks; John 
Kay, Tranmere; Arthur Shaw, Lower Tranmere. 

Second Class, held March 22nd to April 2nd.—Harry 
Procter, Askam; John Thompson, Roosebeck; William 
Bayliff,s Baycliff; John Relph, Ulverston; Michael 
Johnson, Ulverston; W. Benson, Flookburgh; Edward 
Burrow, Flookburgh; Adam Woodhouse, Morecambe; 
Samuel Houghton, Morecambe; John Cocking, More- 
cambe; John Hadwen, Morecambe; Edward Ainsworth, 
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Knott End, Fleetwood; William Parkinson, Hambleton; 
James Aughton, Banks; Richard Johnson, Banks. 

Third Class, held April 19th to 30th.—Thomas 
Cocking, Morecambe; Walter Hadwen, Morecambe; 
Johnson Raby, Morecambe; Thomas Woodhouse, More- 
cambe; Richard Laytham, Lower Heysham; William 
Leadbetter, Junr., Banks; Wilham Bridge, Junr., 
Banks; Peter Wright, Southport; Geoffrey’ Wright, 
Southport; William Southworth, Southport; Thomas 
Halsall, Southport; James Murray, Egremont; William 
Cross, New Brighton; Thomas Matthews, Junr., Neston; 
William Mealor, Junr., Parkgate. 

Fourth Class, held May 3rd to 14th—William 
Annison, Thomas Bailey, Edward Colley, Thomas Colley, 
P. W. Jennings, James Wilson Meadows, Charles 
Radford, Horace Ross, William Roskell, Arthur Suker, 
James Sumner, Thomas Whalley, G. Wilson—Fleetwood. 

The course of instruction given hitherto in the 
fishermen’s classes has been mainly in general Marine 
Biology, with special reference to the structure, life and 
habits of the more important fish and shellfish. The 
Scientific Sub-Committee, with the co-operation of the 
Lancashire Education Committee, decided that an 
attempt should be made in one of the classes held during 
the Spring of 1909 to combine the course of Marine 
Biology with instruction in navigation as applied to 
fishing vessels. The fourth class of the series was 
therefore made a special one, and was attended by 
fishermen employed on trawlers working out of Fleetwood. 
Preference was given to men possessing the necessary 
qualifications in deep sea fishing vessels which enabled 
them to sit for the Board of Trade examinations for 
certificates as second hand or skipper of a fishing vessel. 
The first lesson of each day was confined to general 
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Marine Biology, and was conducted in the usual manner. 
The County Navigation Instructor took charge of the 
class in the afternoons, and two lessons were given each 
day in navigation, viz., 1.30 to 3.50 p.m. and 5 to 6 p.m. 
The results of the experiment appeared to be quite 
satisfactory, and a number of the students passed at the 
Board of Trade examinations held at Fleetwood shortly 
after the classes terminated. 

The usual thanks to the Sea-Fisheries Committee and 
to the various Educational Committees, were proposed 
and carried by the fishermen at each class. 

One class in Nature Study for school teachers was 
conducted during the months of April and May. The 
class was organised by the Barrow Education Committee, 
and was attended by teachers belonging to their schools. 
The course of instruction was the same as that mentioned 
in the Annual Report for 1907. 

Dr. Das, on behalf of the Bengal Government, visited 
the establishment early in March. Dr. H. T. Bulstrode, 
Medical Officer to the Local Government Board, made 
an inspection of the various sewage outfalls in the district 
and visited the Laboratory in March. I accompanied him 
in his survey of the Barrow outfall, and of the course of 
the effluent along the shore of the channel. 

A large party of Members of the Lancashire Sea- 
Fisheries Committee and of the various Educational 
Committees of the County, visited the establishment and 
saw the fishermen at work. Short addresses to the men 
were given by the visitors. The party was organised by 
Mr. James Fletcher, but he was unfortunately unable to 
be present. The members of the St. Matthew’s Mutual 
Improvement Society visited the Laboratory during the 
Easter Holidays. Mr. A. Harris, one of H. M. Inspectors 
of Evening Schools, visited the classes for the purpose of 
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reporting on the work. Dr. H. L. Snape, Director of 
Education to the Lancashire County Council, visited the 
Navigation Class. 

A number of interesting Memoirs of the Indian 
Museum have recently been presented to the Library at 
Piel by Dr. Annandale, the Superintendent of the Indian 
Museum, Mr. E. W. L. Holt, the Scientific Adviser to the 
Irish Fisheries Department, has, as usual, sent numerous 
reprints of papers from the Reports on the Sea and 
Inland Fisheries of Ireland. The United States Fisheries 
Department, the Smithsonian Institution, the Trustees of 
the British Museum, &c., have also supplied valuable 
contributions to our stock of literature. 
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INTERNAL PARASITES OF FISHES FROM THE 
IRISH SEA. 


By Jas JOHNSTONE. 


CONTENTS. 
I.—LEBOURIA IDONEA, Nicott. 
II.—PROSTHECOBOTHRIUM DUJARDINII (van BENEDEN). 
III.—THE GENUS ECHENEIBOTHRIUM, van BENEDEN. 


(4) Lebouria idonea, Nicoll.* 


Habitat: Intestine of Callionymus lyra, Morecambe 
Bay. 

The present species is the type-form of a new genus 
proposed by Nicoll for the inclusion of a Trematode found 
by him very regularly, and in large numbers in the 
intestine of the Cat-fish, Anarrhichas lupus, and less 
frequently in-the stomach. It is certainly rare in Irish 
Sea fishes, and I have only found one specimen so far in a 
Common Dragonet caught in the shrimp-traw] in Ulverston 
Channel, in Morecambe Bay. 


Measurements of the specimen are as follows : — 
Length: 0°87 mm. 
Breadth: 0°39 mm. 
Transverse diameter of oral sucker: 0°15 mm. 
; y ,, ventral sucker: 0°3 mm. 


Nicoll’s specimens varied from 1°5 to 2°5 mm. in length 
and from 0:7 to 10 mm. in breadth, and are therefore 
considerably larger than the specimen described here. 
There are alsd some other differences, but I think it very 
probable that the species is the same in both cases, my 
specimen being apparently immature. 


* «« Studies on the Digenetic Trematodes,’’ Quart. Journ. Microse. 
Scwence. Vol. LIII, Pt. 3, May, 1909, pp. 441-451; Pl. 9, fig. 9. 
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The worm is represented in fig. 1, p. 79. The pre- 
servation was not good, and there is evidently some 
distortion. Bearing this in mind there is a close similarity 
between my figure and Nicoil’s. The oesophagus and 
intestinal rami were nov seen. The anterior part of the 
animal is greatly contracted. so that the cirrus-pouch and 
vesicula seminalis, which lay immediately in front of the 
ventral sucker were not seen clearly enough to be figured. 


; ~ A ' 
Testes Yolk | Ovary + 


Reservoir! ly; te 
Vitetiiie | Vitellaria 
duct | 
Receptaculum seminis 


Fig. 1. Lebouria idonea, Nicoll. Mag. 63 dia. 


The testes are very prominent and are placed about half- 
way between the posterior margin of the ventral sucker and 
the extremity of the body. They are elongated transversely 
and have very much the same proportions and appearance 
as in Nicoll’s figure. The vitellaria are very conspicuous, 
more so than in Nicoll’s specimens. They lie along each 
side of the body and behind the testes, with a few follicles 
extending in front of the ventral sucker. The vitelline 
ducts were also made out very clearly. The two efferent 
portions pass transversely towards the centre of the body, 
F 
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at about the middle, and join to form a large yolk reservoir. 
This also is shown in Nicoll’s figure, but the reservoir 
does not appear to have been as large in his specimens as 
in mine. The ovary and receptaculum seminis lie on the 
right side of the body in front of the testes. No trace of the 
uterus could be made out, but the specimen contains one 
ege lying apparently near the yolk reservoir. The 
diameters of this are 0:79 by 047 mm., almost exactly the 
sizes given by Nicoll for his type specimens. 


(2) Prosthecobothrium dujardinii, (van Beneden).* 


Habitat: large intestine of Rajya maculata, Cardigan 
Bay. 

This cestode is apparently very rare in Irish Sea 
fishes, and so far I have only seen one specimen. It 1s 
desirable to draw attention to some points in the anatomy 
of the species which do not seem to conform to the diagnosis 
of the genus. The species was described by van Beneden 
as Acanthobothrium dujardinw but was wade the type of a 
new genus by Diesingt. The characters of the genus 
Prosthecobothrium thus formed are: Scolex with four un- 
divided bothridia, each having a suctorial appendage at 
its posterior extremity; no accessory suckers on the 
anterior margins of the bothridia; two double hooks on 
each of the latter. 

The measurements of the worm are :—- 


Length of strobila, about 10 mm. 
No. of proglottides, about 6, 
Length of scolex, 0°39 mm. 
Length of hooks, 0.15 mm. 
Length of longest proglottis, 2°12 mm 
Breadth of ee 3 0°5 mm. 
* «« Faune littorale de Belgique : les Vers Cestoides.’’ Nouv. Mem. 
Acad. Roy. Belgique, T. XXV, p. 133. Pl. X, 1850. 


t ‘‘ Revision der Cephalocotyleen.” Sitzungsber. Acad. Wiss. Wien: 
Math.-Nat. cl.; Bd. 48, 49, 1864, 
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The scolex is represented in fig. 2. There are four very 
prominent bothridia each of which projects well out from 
the neck. 

The latter is very short. There are no accessory 
suckers at the summits of the bothridia. Hach of the latter 
is really divided into three loculi by two transverse, curved 
costae, but the most anterior loculus is long, about twice 
the length of the two posterior ones, and it is not apparently 


Wy. Suctorial part 
\ of Bothrium 


i 


Pig. 2. Prosthecobothrium dujardiniwi, (van Beneden). A, the scolex ; 
B, diagram of one bothrium, seen from the side; C, the hooks. 
A and C mag. 76 dia.; B mag. 154 dia. 


concave transversely. The most anterior costa is very 
prominent, and the second one difficult to see. There 
appears to be only one loculus, but close examination 
shows that a costa is concealed in this deeply concave 
double loculus. This is shown in fig. 2 A, and the diagram, 
fig. 2 C. It forms a cup-shaped structure—the “ appendice 
*trés-motile qui a la forme d’un feuille” of van Beneden. 
The bothrium is thus essentially similar to that of 
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Acanthobothrium and differs in that the accessory suckers 
are absent. It is similar to the latter forms in that double 
hooks are present, one pair on each bothrium. The hooks 
are represented in fig. 2 B. Each consists of two long, 
slightly curved, slender spines fused together by their 
bases. This fused median part is not nearly so prominent 
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Fig. 3. Prosthecobothrium dujardinii, (van Beneden); Terminal 
proglottis. Mag. 51 dia. 


as 1s represented in van Beneden’s figure. The hooks. 
stand well out from the face of the hothrium. 

The terminal proglottis—the only one in the strobila 
which was mature—is represented in fig. 3. The posterior 
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extremity is pointed and the ovary is situated here; it isa 
bi-lobed structure tapering to a point at its posterior 
margin. ‘The oviduct and uterus were not well enough 
seen in the single preparation available to be figured. 
Probably they were insufficiently developed, and it is very 
likely that complete maturation of the female organs takes 
place in this, as in so many other tapeworms, aiter the 
proglottis has dehisced from the strobila and 1s free in the 
alimentary canal of the host. Perhaps there may have 
been free proglottides in this particular fish, but they were 
not identified. The vitellaria form two bands of follicles 
distributed along the margins of the proglottis, and the 
ducts pass off from their posterior extremities and run 
obliquely backwards, joining to form a small yolk 
reservoir. 

The testes are about 24 in number and lie mainly on 
the lateral parts of the proglottis, but a few are distributed 
in the median regions of the latter; they are comparatively 
large spherical bodies. The cirrus-pouch is very large and 
is almost exactly median; within it is a comparatively 
long cirrus, armed with short, blunt, straight spines for 
the most of its length. ‘This is continuous with the 
vesicula seminalis which lies coiled up in a compact mass 
between the cirrus pouch and the anterior extremity of 
the proglottis. 

The genital aperture is lateral and nearly half-way 
between the ends of the proglottis. There is a well-marked 
vagina, which is dilated terminally. The duct passes back, 
being coiled loosely towards the ovary. At its posterior 
extremity it is dilated to form a small receptaculum 
seminis, and from this a very narrow duct passes back- 
wards towards the ovary. The junction of receptaculum 
seminis, oviduct and vitelline ducts was not seen. 
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Echeneibothrium, van Beneden. 


A large number of specimens of cestodes belonging 
to this genus were obtained from various species of Ray 
during the present year, and it seems useful, in view of 
the great variability of character exhibited by the various 
species belonging to this group, to describe these worms 
in some detail. The genus Hehenerbothrium is defined by 
the presence of four Echeneiform bothria carried on con- 
tractile pedicels; by the absence of any armature of the 
bothria; and by the presence of a contractile myzo- 
rhynuchus, at the apex of which there is a terminal os. 


(3) Echeneibothrium variabile, van Beneden.* 

This is the typical species. The bothria, pedicels, and 
myzorhynchus are highly contractile, and very different 
appearances are presented by the worms when they die, 
and also according to the mode of preservation employed. 
I describe here two forms which appear very frequently in 
Irish Sea fishes. 

I. Pear-shaped myzorhynchus, with terminal os 
leading to a concealed proboscis. Bothria typical in form 
and structure. Fig. 4, page 85, represents the appearance 
of the scolex of a specimen killed in fresh water and 
preserved in formalin. The worm was unstained and was 
examined in water. The measurements are :— 

Greatest diameter ofsthe scolex: 1:24 mm. 
Diameter of myzorhynchus: 0°58 min. 
Diameter of terminal os: 0:2 mm. 

‘The bothria present the typical structure; they are 
leaf-shaped with eight or more transverse, and one longi- 
tudinal costae. heir apices are curled over, and in the 
bothrium at the lower right-hand corner of the figure, one 
of the lateral margins is also curled over. The scolex is 


* “* Vers cestoides,’’ p. 118, Pl. III. 
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seen from the anterior end so that we look down through 
the os. Inside the latter the proboscis may be seen. It 
is partially divided and shows four distinct lobes. 

Fig. 5, page 86, represents another scolex of the same 
type. The measurements are :—Width, 176 mm.; Length, 
0°80 mm. The cestode was killed and preserved in the same 
manner as that just described. The pedicels are contracted 
to some extent and the bothria are also contracted, 
exhibiting a very typical cup-lke coutour. The myzo- 
rhynchus is flattened at the summit. 


Fig. 4. LHcheneibothrium variabile, van Beneden; Scolex seen from 
the anterior end. Mag. 60 dia. 

Fig. 5 also represents another scolex of the same 
type. The worm was killed and preserved as before, but 
the bothria are contracted to a much greater degree than in 
the two other specimens. It has been stained with boray- 
carmine and cleared, and is drawn after it has been 
tlattened out between the slide and cover-glass. It will be 
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seen that the terminal os in the myzorhynchus leads into a 
kind of atrium in which there is a proboscis. ‘The latter is 
bowl-shaped, presenting very much the same appearance 
as the large ventral sucker in a 'Trematode. Its internal 
walls are not smooth, but are thrown into lobes by the 
contraction of the intrinsic and extrinsic musculature of 
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Fig. 5. Echenerbothrium variabile. vai. Beneden; the upper figure is a 
* general view of the scolex, the lower figure represents another 
scolex prepared to show the internal proboscis, 
the structure. ‘he wall of the myzorhynchus immediately 
round the os is strongly muscular, so much so that we may 
speak of the presence of a distinct sphincter; and there are 
also longitudinal muscle fibres passing back to their origins 


SEA-FISHERIES LABORATORY. 87 


in the basal part of the myzorhynchus. This terminal 
sphincter muscle lies on and round the opening of the 
proboscis, and it can evidently be contracted so as entirely 
to close the os. The figure also shows a series of muscles 
originating in the base of the myzorhynchus, and inserted 
into the sides of the proboscis. Evidently these must 
function as retractors of the latter structure. 
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Fig. 6, MILcheneibothrium variabile, van Beneden, Section of the scolex 
passing through the bothridia. Mag. 40 dia. 


Fig. 6, page 87, represents a section of a_scolex 
belonging to this variety of /. variabile. The plane is 
transverse and passes through the postericr part of the 
scolex, through the pedicels and openings of the bothria. 
The specimen was preserved in corrosive-sublimate alcohol, 
and the bothria are very much: contracted until the openings 
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are reduced to narrow slits. In this region the greater part 
of the scolex consists of a fine fibrous connective tissue 
containing few muscle fibres running mostly at right- 
angles to each other from opposite sides uf the scolex, which 
is nearly square in cross section at this plane. Between 
every two bothria there is a band of stout muscle-fibres ; 
these are the fibres represented in surface view in fig. 5; 
they originate mostly at the junction of scolex and neck, 
but many are continuous with the longitudinal fibres in the 
latter part of the strobila. The canals shown in section 
near the bothria are part of the excretory channels. In 
the neck these mostly run axially, but at the base of the 
scolex they pass towards the bothria and run in the tissues 
of the latter organs. 

Fig. 7, page 89, represents a transverse section of the 
scolex anterior to the plane of the section just described. 
It passes through the proboscis just anterior to the base of 
the latter. The internal wall is thick and fibrous, and next 
to this is a rather strong layer of muscle fibres running 
circularly. External to this are the radial fibres arranged 
just as in the ventral sucker of a Trematode. ‘The external 
wall of the proboscis is also thickened and fibrous, and 
inserted into it, at nearly equal intervals, are strong muscle 
bundles. These are the retractors of the proboscis, and are 
the same structures as are represented in figs. 5 and 6. 
A few excretory canals are to be seen in the section. With 
the exception of the outer wall of the scolex which is 
rather thick, the remaining tissue is a loose connective 
stroma. 

Anterior to the plane of this section the anterior lips 
of the proboscidial sucker are free from the internal walls 
of the atrium into which the os leads. 

Il. Myzorhynchus large and rosette-like and withoul 


a terminal vs. Bothridia typical. 
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The presence of this complex myzorhynchus, and the 
variability of the shapes into which it may be thrown by 
the action of its muscles, often renders the identification of 
species of Echeneibothrium a difficult matter. It often 
happens that the terminal os cannot be seen, that the 
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Fig. 7. Hchenetbothrium variabile, van Beneden. 
Section through myzorhynchus. Mag. 110 dia. 


myzorhynchus is large, and flattened out in the transverse 
plane, while the bothridia and their pedicels may be very 
much contracted. These changes are without doubt caused 
by the eversion of the internal proboscidal sucker, and the 
reversal of the surfaces of the latter. Then the -retractor 
muscles, pulling on the walls of the proboscis, throw the 
latter into lobe-shaped structures. This radial structure 
can often be seen when looking down on the surface of the 
myzorhynchus; it is shown, for instance, in fig. 4, p. 85, 
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and it is suggested in van Beneden’s fig. 2, Pl. III.* 
Olssont (Tab. I, fig. 15) also represents it very clearly and 
ascribes the condition to the real cause. [‘‘ Bulbus apice 
expanso (forma singularis floribus Rosarum sumilis).”’| 
Fig. 8 represents views of the scolex of an 
i. variabile, the anterior aspect of the myzorhynchus on 
the right and the posterior aspect on the left, the neck 
being bent at a right angle to the scolex. The myzo- 
rhynchus is nearly round in surface view and it is flattened 


Fig. 8. Echeneibothrium variabile, van Beneden; the left-hand figure 
represents a view of the scolex from beneath, on the right the scolex 
is seen from its anterior surface. Mag. about 35 dia. 


ereatly to form a disc; from this aspect the bothridia were 
quite invisible. On the anterior surface of the myzo- 
rhynchus were one central and six radially arranged lobes. 
These structures are very distinct and are raised up from 
the surface of the scolex, so that they can be seen when the 
latter is looked at from the side. But they are not free from 
the myzorhynchus, not even at their apices and in some 
cases the sulci between them are very shallow. In yet 


* Loc. cit. 


t+ Acta Univers. Lundensis; Lunds. Univers. Aarskrift for 1865; 
Afd. Math.-Natur. 1V, Lund., 1866-7. 


——-— 
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another cestode a somewhat similar condition was present, 
but the myzorhynchal lobes were asymmetrically arranged, 
there being a group of five small ones on one margin; at 
either end of this series a larger lobe, and on the opposite 
margin three larger and flatter ones; there was also a 
central lobe. As in the case of the scolex just described 
the lobes were low and not free at their apice from the 
myzorhynchus. 

Beneath these lobate appendages there was in the 
first specimen, a stout and very distinct rim on the scolex. 
This is represented in outline by the margin in fig. 8. 

Below this were four suckers. ‘These were sessile, and 
- there were no traces of pedicels. 

At first I was inclined to approximate these specimens 
to the genera Polycephalus Braun, or Parataenia Linton, 
in which there are about sixteen longish tentacles on the 
scolex, and, beneath these, four suckers. But the lobate 
structures in the specimens which I have described here 
can hardly be regarded as tentacles, unless one regards the 
amount of contraction as excessive; while the sessile, 
sucker-like appendages beneath the myzorhynchal rim are 
not at all like the sucker of a 7’aena, to which category the 
suckers in Polycephalus and Parataenia apparently belong. 
It is evident, from a glance at fig. 8, that the suckers are 
bothridia of the Echeneiform type. Only some of the 
costae can be seen, and the whole organ is very much con- 
tracted. It resembles the bothrium of such a cestode as 
Anthobothrium rather than that of an Echenecbothrium, but 
these organs are so versatile that one can hardly regard 
even this deviation from the normal form as of importance 
as a diagnostic character. 

I am forced to conclude that these are simply 
specimens of Meheneibothrium variable with the proboscis 
everted through the myzorhynchal os, It is difficult to con- 
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ceive what mechanism is involved in this process; probably 
the excretory canals, acting as a water vascular svstem 
may be instrumental, and the proboscis would then be 
turned inside out in much the same way as the proboscis 
of a T'etrarhynchus or Nemertine worm is everted. The 
longitudinal retractor muscles would then be put on the 
stretch, and being inserted in bundles, at intervals round 
the proboscis, they would pull on the latter so as to throw 
its muscular ring into lobes. This contraction would 
flatten the myzorhynchus and produce the prominent rim 
below the lobes. It would also lead to such distortion as 
would obliterate the usual form of the bothridial pedicels. 
The contraction of the bothridia themselves would | 
doubtless be correlated with this extensive contraction of 
the whole scolex. 

The first of these two specimens differs from Hchenei- 
bothrium with regard to the characters of the strobila. 
Part of this is represented in fig. 9. The neck in this 
specimen was distinctly bulb-shaped and without segmen- 
tation. Then follows a region in which the proglottides 
are of the usual form. But posterior to this they are much 
longer than they are broad; a condition very difterent from 
that characteristic of H. variable. The prominent enlarge- 
ment of the proglottides represented in the figure is no 
doubt accidental. But the most posterior proglottides again 
deviate from the typical form. They are very irregular in 
size and shape and almost every one presents a prominent 
eroove on one of its surfaces, as if the margins of the 
proglottis had been turned over. The characters of the 
strobila appear to me to present a greater difficulty in the 
identification of the cestode as H. variabile, than do those 
of the scolex. In the meantime, pending the collection of 
more material, it is as well to refer them to this species. 

The specimen of 1. variabile, the head of which is 
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represented in fig. 4, was 110 mm. in length. At. nearly 
all points the transverse section of a proglottis is circular. 
The proglottides immediately behind the neck were 0°19 
mm. in width by 0°03 in length; and the terminal ones 
were about 0:92 mm. in width by 0-48 mm. im length. 


Prox. Prox. 
Usa ie 


22 Segments 


Fig. 9. Echeneibothrium variabile, van Beneden. Parts of a strobila, 
the posterior proglottides being on the right. 


Echeneibothrium dubium, van Beneden* 


I have already figured f this species as a variety of LZ. 
variable. Further examination of a number of specimens 
has, however, shown that this “ variety ” is, in all proba- 
bility, the species referred to here. It is not always possible 
to observe the os in the myzorhynchus, and occasionally 
the latter structure is so greatly contracted as to present 


* «Memoire sur les Vers Intestinaux.’’ Supplement to Tome II, 
Comptes Rendus, Acad. Sci. Paris, 1858, p. 122, Pl. XV. 


+ Fourteenth Ann. Rept. Lancashire Seaj Fish. Laby. Trans. 
Liverpool Biol. Soc., Vol. XX, 1906, p. 310, fig. 19. 
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quite a different appearance from ‘the figures given by van 
Beneden. 

Fig. 10, page 94, represents a fully expanded 
specimen, such as may be obtained by killing the worm in 
fresh water and preserving it in weak formalin. In this 
specimen the bothridia were carried on rather long, 
versatile pedicels arranged in the form of a cross, very 
approximately in the transverse plane of the scolex. The 
bothridia are situated nearly at right-angles to the axes of 


Fig. 10. Echenetbothrium dubium, van Beneden ; A, the apex of 
the myzorhynchus; B, the scolex. Mag. about 60 dia. 


the pedicels. Hach is leaf-shaped, very nearly oval in 
surface view, slightly pointed at the anterior extremity. 
They are bent so that their concave surfaces are directed 
outwards from the axial line of the strobila. Hach 
bothrium has 10 loculi, these being formed very distinctly 
by five transverse costae on either side, and two median 
longitudinal costae. Two of the loculi are terminal. This 
arrangement is represented in van Beneden’s fig. 10, but 
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there do not appear to be so many loculi in the bothridia 
figured. 

The myzorhynchus is figured separately in fig. 10 A. 

It is very difficult to make out the structure of this 
organ in whole preparations of the worm, but transverse 
sections shew that it is essentially the same as the corre- 
sponding structure in HL. variabile. The terminal os leads 
into a rather long canal which terminates in the opening of 
a proboscidial sucker. The latter is represented by the 
globular structure in fig. 10 A. It is, however, not 
apparently muscular. The very prominent radial and 
concentric muscle fibres represented in fig. 5 are quite 
wanting, and in their place there is a rather loose connec- 
tive tissue. The longitudinal retractor muscle bundles are, 
however, represented ; they pass down in the external part 
of the myzorhynchus and apparently originate in the walls 
of the basal part of the latter. 

Echeneibothrium variabile, E. dubium and E.. minimum 
thus form a series characterised by the progressive 
reduction of a functional myzorhynchus. In the first 
species this organ is large and well developed, and the 
eversible proboscis contained in it may apparently act as 
an actual organ of adhesion. In #. dubswm the myzorhyn- 
chus is still present, though greatly reduced in size; and 
the contained proboscis is also greatly reduced, and 
cannot, apparently, be everted. In KH. minimum the 
myzorhynchus has entirely disappeared, and it is this 
difference that appears to me to justify the removal of 
the species from the genus in which it was originally 
included. 


Rhinebothrium minimum (van Beneden). 
Habitat: Raia clavata and R. maculata. 
The difficulties presented by the systematic characters 
G 
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of the genus Echeneibothrium are further illustrated by the 
study of the species known as H. minimum, van Beneden* ; 
E.. gracile, Zschokket; and Rhinebothrium spp. Linton$. 
The species #. minimum described by van Beneden is 
characterised by the presence of Echeneiform bothridia 
divided by transverse, but not (apparently) by longitudinal 
costae; by the presence of along neck; and by the presence | 
of a group of fairly long spines at the base of the cirrus. 
E. gracile has Kcheneiform bothridia divided by both 
transverse and longitudinal costae; it has no neck, the 
segmentation of the strobila being continued right up to 
the scolex; and it does not possess the group of long spines 
at the base of the cirrus. Rhinebothriwm resembles the 
genus Nehenerbothrium in most characters, but it was 
founded by Linton to include cestodes possessing Echenei- 
form bothridia, but lacking the peculiar myzorhynchus 
possessed by such a species as LH. variabile. 

There is no ambiguity in the descriptions or figures of 
the authors quoted. P. J. van Beneden figures the 
bothridia of HL. mintmum most clearly and indicates no 
longitudinal] costa, but certainly represents a long neck, 
and a most distinct group of long spines at the base of the 
cirrus. Zschokke, on the other hand, just as clearly des- 
cribes and figures his worm as possessing longitudinal 
costae, no spines at the base of the cirrus, and no neck. 
No one would have difficulty in drawing up a table of 
specific differences. 

Unfortunately the cestode described here combines 


* «Vers Cestoides,’’ p. 114, Pl. II. 


+ ‘* Recherches sur la Structure anatomique et histologique des 
Cestodes.”?’ Mem. Inst. Nat. Genevois; T. 17, pp. 348-356, Pl. IX. 
Genéve, 1889. 


t ‘‘ Notes on Entozoa of Marine Fishes of New England with 
descriptions of several new species’ ; Commissioners’ Report for 1887 ; 
United States Commission of Fish and Fisheries, pp. 768-778, Pls. V- 
VI. Washington, 1891. 
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both series of characters and I have some difficulty in 
referring to it either, still more in making a new species 
distinct from both. But the name /. minimum is an old- 
established one, is well-known, and may be adopted, on 
the understanding that the form now described does not 
quite display the characters connoted by it. 

About half-a-dozen of these worms were obtained 
from Ray dissected during the fishermen’s classes at Piel 
in 1909. Evidently they are rather rare, for this is the 
first time that they have been found. They were about 


Fig. 11. Rhinebothrium minimum (van Beneden).. Two scolices: 
A mag. about 70 dia.; B about 27 dia. 
4 to 8 mm. in total length. There were about 12 to 15 
proglottides in each of the strobilae; and the largest 
proglottis—the terminal one—was about 1:1 mm. in 
length. The scolex was about 0°38 mm. in width and about 
07 mm. in length. 
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Fig. 11, page 97, represents the general appearance 
of the scolex in two specimens. There are four leaf-like 
bothridia, pointed at their anterior extremities, and broad 
posteriorly. Their lateral margins are rolled over, and 
usually anterior and posterior extremities are lkewise 
rolled over, but in the opposite direction. This distortion of 
the bothrium renders it difficult to study the divisions on its 
external surface. But neither in stained nor in unstained 
preparations, nor in transverse sections can a longitudinal 
costa be seen. There are apparently 7 or 8 lcculi on the 
face of the sucker along each side, one loculus being 
situated terminally at either end. The costa apparently 
cross from side to side, but it is difficult to follow their 
course owing to the flexure of the bothrium. Seen as in 
fig. 11 A, there appear to be lateral rows of distinct locul1, 
but this appearance is due to the optical sections of the 
transverse costae. Fig. 11 B, represents another scolex on 
a smaller scale and one of the bothridia is seen very nearly 
en face and there is no indication of a longitudinal costa. 
The latter figure also shows how the bothridia are situated 
on distinct pedicels. The latter are strongly muscular, 
containing both transverse and longitudinal fibres in their 
walls. Fig. 11 A also shows that the segmentation of the 
strobila is continued up to the base of the pedicels, that is, 
a distinct neck—far less such a long neck as is represented 
in van Beneden’s original figure—is wanting. 

The proglottides are not figured. They agree in all 
respects with both van Beneden’s and Zschokke’s figures, 
except for the detail of the armature of the cirrus. There 
is no doubt that only one kind of spines is present. The 
cirrus was fully extended in one proglottis and most of its 
surface was covered with short, slightly curved spines. 
No long spines were present at the base. 

The absence of a longitudinal costa indicates that the 
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worm is /. minimum; but the presence of a neck, and the 
absence of long cirral spines indicate that it is H. graevle. 
Neither van Beneden nor Zschokke apparently 
attached much importance to the absence of a myzo- 
rhynchus. Yet the presence of this most characteristic 
organ is part of the definition of the genus Lchenerbothrium. 
I follow Linton in his suggestion, that the absence of this 
structure justifies the removal of a cestode possessing 
Kcheneiform bothridia from the genus Lchenecbothrium. 
Now there is no figure of /. minimum which shows a 
myzorhynchus, and the organ is absent in . gracile also. 
I examined the specimens here described very carefully 
and could see no part anterior to the pedicels; and there 
is no evidence of a proboscidial structure in a series of 
sections made from one of the worms. It is true that a 
small, knob-like protuberance could be detected, but I 
think that this was only a hump on one of the pedicels. 
The myzorhynchus in the specimen of /. varzabile figured 
on page 85, and the rosette-like structure mentioned by 
Olsson are very striking and prominent features of the 
anatomy of these animals; and even in the specimen of 
E. dubium figured on page 94, the myzorhynchus is very 
obvious. It seems therefore that we are justified in placing 
both EL. minimum and E. gracile in a distinct genus, as is 
suggested by Linton. Whether or not these two forms are 
specifically distinct is a more difficult question. 
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REPORT ON MEASUREMENTS OF IRISH SEA 
PLAICE MADE DURING THE YEAR 1909. 


By Jas. JOHNSTONE. 


INTRODUCTION. 

THE DATA: TABLES AND GRAPHS. 

MODAL SIZES ON THE FISHING GROUNDS. 
AGE-GROUPS. 

LENGTH AND WEIGHT. 

INFLUENCE OF SIZE OF MESH. 

SEXUAL MATURITY. 


Shi Diet Cg Neder 


1. The data which are tabulated and discussed in the 
present Report relate to the measurements of some 55,000 
plaice made during the year 1909. This investigation 
was begun in the summer of 1908 and was intended to 
yield results which were to be used in connection with 
plaice-marking experiments. It was found whenever it 
was attempted to make a summary of the latter results, 
that it would be most advantageous to consider the modal 
sizes of plaice inhabiting the various plaice-grounds. 
But it was also seen that the results of the measurements 
of a large number of plaice and soles would afford data 
of the greatest possible value in relation to the question 
of the regulation of the trawl-mesh—a matter, which it 
is needless to point out, has been the cause of much local 
controversy. This latter object has been kept continually 
in mind during the progress of the work. 

It might be thought that the results of the statistics 
of fish landed at the ports would supply just the informa- 
tion required, but unfortunately this is not the case. 
It may be interesting to know what quantities and 
values of fish are landed monthly at the ports, but 
the really important questions which arise in the 
course of such discussions are not answered by the 
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statistical returns. We cannot tell, from the published 
figures, where precisely the fish were caught; what were 
the powers of capture employed in catching them; nor 
what were the sizes and condition of the fish. 

I think it would be much better if the present system 
were supplemented by paying a certain number of masters 
of sailing trawlers for making accurate diaries of the 
results of their fishing voyages. I would refer here to a 
paper of Miss R. M. Lee* on the discussion of such 
records made by the masters of several fishing vessels 
working from Lowestoft. The methods employed in this 
Report are well worth adopting for local use; and it 
appears to me that if we had a record of the fishing 
operations and results of (say) 40 sailing trawlers working 
from Fleetwood, Hoylake and Douglas, a very approxi- 
mate picture of the movements and relative abundance 
(which is what we want to know, not the quantities 
of fish landed) of plaice and soles in the Eastern 
half of the Irish Sea, and in the Welsh Bays. These 
vessels work over all this area, obviously they go | 
only where fish are to be obtained, and obviously we 
should be utilising the accumulated experience of the 
masters—an experience which surely is of the greatest 
possible value: in the consideration of fish problems. 
If, in addition to such records, the system of measure- 
ments of sample catches already applied were extended, 
we should be in possession of data of great service in the 
discussion of fishery regulations. Not only so, but it 
might be possible to trace the connection of the move- 
ments and abundance of plaice and soles (with other fish, 
of course) in relation to the hydrographical conditions in 
the Irish Sea—connections which are even now suggested, 


* Report on the Lowestoft sailing trawler Records, 1903-1906. 
veriational Investigations, Mar. Biol. Assocn., Rept. I, Pt. IT, 1904-5, 
pp. 89-112, (1909). 
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but which cannot be pushed home for want of further 
statistical information. 

In the meantime much is to be deduced from a 
knowledge of the sizes and conditions of plaice caught 
on the various fishing grounds; and such data appear to 
be the only information we can, at present, obtain that 
is of any use in the consideration of the effects of the 
trawl-mesh regulations. 

The measurements tabulated in this Report have 
been made by the officers of the Committee: Captain 
Wignall and his officers; and the Chief Bailiffs, Messrs. 
J. Wright, G. Eccles, and R. Jones; and a good deal is 
to be said for the trouble and care taken in preparing 
these records. Captain Wignall’s measurements refer to 
plaice caught practically all over the district; Mr. Eccles’ 
figures refer to the Mersey fishing area only; Mr. 
Wright’s measurements were made in the Morecambe Bay 
area; and Mr. Jones has measured catches in Menai 
Straits and Carnarvon Bay. In addition to these 
measurements, made on board ship, a number of 
additional records have been made by Mr. A. Scott and 
myself. Numerous samples of plaice and soles taken on 
the various fishing grounds have been sent to the Piel and 
Liverpool Laboratory; and have been examined in much 
greater detail than was possible on board ship. This part 
of the work is weakest of all. The amount of time 
required to examine even 100 plaice thoroughly is con- 
siderable, and when we attempt to make any accurate 
estimates of the age and the conditions as regards 
maturity and nutrition, samples of more than the above 
number are necessary. 

As a rule the measurements made by the Officers are 
very accurate. The lengths of the fish are recorded in 
centimetre groups. The use of inch scales is irritating 
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and troublesome when the subsequent tabulation of the 
measurements is made. All the figures given are mean 
lengths. The fish is laid on the measuring board and the 
division in which its tail falls is noted. All fish between 
n and n+1 cms. are recorded asm cms. The mean length 
is then n+0°5 cms. On board the “James Fletcher” a 
brass pin is stuck into the measuring board opposite the 
tail of the fish. The number of pins in each cm. division 
is then read off. This method is the most accurate of 
all those employed. In most cases the sample of plaice 
sent to me for further examination has already been 
measured on board the “James Fletcher.” On receipt 
it is re-measured and I give in the Table on p. 184 the 
results of four of such duplicate measurements. It will 
be seen that in two cases the numbers are practically 
identical. In the other two cases there is a discrepancy 
which is to be expected, and which is due to contraction 
of the fish after death. Why it is that this discrepancy 
is not always apparent I do not know. Possibly a fish 
contracts when rzgor mortis sets in, and relaxes again 
when this passes off. In the two cases where this dis- 
crepancy occurs the mean difference is 0°58 cm., that is 
the fish when measured by Captain Wignall’s men were 
about $ cm. longer than when I measured them. 

All the measurements recorded in the Tables on 
pp. 158 to 171, were made on living fish. The first thing 
done, when the trawl net is cleared, is to measure and 
record the plaice and soles. The numbers are then entered 
on the log sheets. Sometimes the entire catch is sent to 
the Laboratory, but more usually only a part is sent. 
These samples are examined for length and weight, so as 
to get average weights and values of the coefficient k; 
for age, by inspection of the otoliths; for maturity, by 
examination of the gonads; and occasionally for food 
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contents. Sometimes each fish is individually weighed, 
but as a general rule all the fish in each cm. group are 
weighed and the total and average weights determined. 
In all cases a single fish, or a number of such, are 
weighed to the nearest gram. It is often difficult to state 
definitely the condition as regards maturity. As a rule 
there is no ambiguity in the case of the males: a male 
plaice is either mature or immature; but it is sometimes 
dificult to say, at some seasons of the year, whether 
the females are, or are not mature. Mature females are 
regarded as such in which the ovary extends to more 
than half way between the first axonost and the root of 
the tail. 

The question of examining sample catches of plaice 
purchased from trawlers was considered and decided 
against. The localities of capture in such cases cannot, 
as a rule, be accurately ascertained; the fish are often 
selected, small ones being rejected; the conditions of the 
hauls from which the fish are taken cannot generally be 
ascertained; the fish are usually gutted; and they may 
be iced or uniced. No doubt the examination of fish 
landed at the ports may have a certain value; but it 
ought to be pointed out that if legislative restrictions are 
to be based on statistical results all possible trouble should 
be taken to render the latter as accurate as can be. Now 
the conditions under which the examination of fish landed 
at the ports can be carried out are not such as to make 
the investigation a strictly scientific one. All the 
measurements of length alone in this report relate to 
living fish; and measurements of weight in respect to 
length relate to ungutted and uniced fish, and are made 
not later than twenty-four hours after capture. Thus 


irritating comparisons between ‘ 


and “ cleaned ” 
fish, with the uncertainty attaching to the employment of 


‘entire’ 
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“constants ”’ are avoided. Further, the measurements of 
length, and the deduction of modal sizes apply to samples 
—that is all the fish taken in one haul of the trawl-net. 

What is a “representative sample”? It would be of 
service if there were some criterion or test which might 
be applied to a series of measurements of length, and 
which would enable us to say whether or not the sample 
catch represented truly the whole population of fish 
resident on the sea bottom over which the trawl was 
dragged. Unfortunately no such criterion exists, and 
one can only say that a sample catch is representative if, 
on trawling again and again, one gets similar results. 
But one cannot do this. Biologists and actuaries, who 
have to deal with statistical material, are able to make 
conclusions as to the accuracy of the data by employing 
frequency-curves. But it will be seen that this test is not 
possible in the consideration of the statistics dealt with 
in this Report. Nevertheless it is possible to determine 
roughly whether or not a sample catch with a particular 
net is, or is not, normal for the fishing ground and season. 
of the year considered. An accident to the trawl—the 
tearing of the net, or the partial stoppage of the meshes 
by accumulations of sea-weed or jellyfishes—is usually 
indicated by the measurements. But one cannot be quite 
sure whether or not such unusual measurements may not 
after all truly represent the fish population on the sea 
bottom. 7 


2. THE TABLES AND GRAPHS. 


The measurements represent the mean lengths in 
centimetres of the fishes. The limits of errorare +0°5. In 
a large catch, as for instance in some of Mr. Kecles’ 
figures where there may be several hundreds of fish in 
some cm. groups, the limits of error are much smaller 
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than + 0°5. But in the smaller catches this error may 
actually be present. In these latter cases it is more 
accurate to “smooth” the figures by the use of the 
formula 
one ae 

3 


this summation and division being appled to every three 


Mean length of group 6 = 


contiguous groups in the series. 

They are grouped according to locality, beginning 
with the more northerly fishing grounds. The numbers 
of fish from Luce Bay and the Clyde are small, but are 
useful for comparison with the truly Irish Sea fishing 
erounds. ‘The fishing grounds off Duddon Buoy, in, and 
off Barrow Channel, and in the estuary of the Rivers 
Wyre and Lune might possibly be regarded as one natural 
area; nevertheless they are tabulated separately: one 


3 


learns to avoid “lumping” as much as possible. Black- 
pool Closed Ground and the grounds off Nelson Buoy are 
probably rather different, but the number of fish caught 
is small and the hauls have been combined. The Mersey 
area presents marked differences: Rock Channel contains 
quite a different kind of plaice from the grounds in Horse 
Channel, or near the Mersey Bar. Probably the grounds 
near Great Orme’s Head and in Beaumaris (or Conway) 
Bay, and in Red Wharf Bay are very similar, but the fish 
taken in these areas are separately tabulated. A few 
catches are recorded from Carnarvon and Cardigan Bays, 
but so far we have not paid much attention to these parts 
of the District. The Sketch Chart opposite page 106 gives 
the approximate positions of these areas. 

All the catches made in each area in each month 
have been added together. The month is, of course, a 
purely arbitrary division of time, and the ideal method 
would be to give the figures for each haul. But 
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considerable space is saved by the grouping, and no 
serious error 1s involved. 

All the Tables from p. 153 to p. 171 relate only to 
these measurements of length made immediately after 
capture of the fish. The actual frequencies are given 
under the headings “ Nos.,” and then these frequencies 
have been converted into percentages of the whole catch 
accurate to the first decimal place. Representation of 
the frequencies as percentages of the total catch assists 1n 
making comparisons, and enables us to draw graphs to 
the same scales of coordinates for all the catches. 

The Tables “ Age-Groups, 1909,’ which occur on 
pages 172 to 178, represent the ages of those plaice 
examined according to the conventional grouping: Age- 
Group O includes fish 0 to 1 year old, I fish 1 to 2 years 
old, and so on. The first group is seldom represented 
in catches made with a trawl net of 6-inch mesh, and 
has not been considered. Age-groups higher than III 
are also very sparingly represented in most of the 
localities, with the exceptions of the offshore grounds 
near Bahama Bank, and in Luce Bay and the Clyde 
area. “ Lumping” can only be practised here to a very 
limited degree. It is permissible to combine the measure- 
ments relating to the same month, though even this 
involves error during the period of most rapid growth. 
The measurements made during the months January to 
March and September to December may, however, be 
combined, since growth is minimal during these seasons. 
Obviously one cannot combine the results from different 
grounds without risk of error. 

The Table “ Modal Lengths of Plaice captured by a 
6-inch Trawl Mesh, 1909,” p. 179, summarises the 
measurements so far as the modal, or characteristic 
lengths, are concerned. These lengths are given for each 
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fishing-ground and for each month represented in the 
statistics. The figures in brackets relate to secondary 
modes and indicate that the catch was obviously hetero- 
geneous. The method of determination of the modes is 
given on p. lI. 

Table “ Modal Lengths of Plaice of Age-Groups I 
and IT, 1909,” given on p. 180, summarises the results of 
the age-determinations from inspection of the otoliths. 
The methods and results will be discussed later. 

The Table “ Values of the Length-Weight Coefficient 
k, 1909,’ given on p. 179, is an attempt to summarise 
the data relating to the conditions of nutrition of plaice 
in the Irish Sea. It was hoped that a more complete 
series of results would be attained, but in the meantime 
this Table may be useful for future comparisons. Average 
weights for the fishes examined are not tabulated in the 
report: evidently they can be obtained by making use of 
the coefficients and the length-weight formula. The 


coefficient & is 
1002 g 


SnB 


when g is the weight of all the plaice in each cm. group, 


n the number of fish in each cm. group, and 7 the mean 
length in ems. The results of the Table are discussed 
further on p. 148. 


The Graphs. 


Just how to graph these series of figures was a matter 
of some difficulty. Merely to plot the points given in the 
percentage columns of the Tables of length-frequencies 
leads to confusion for one does not easily see what are the 
positions of the modes, and the curves are, in some cases, 
very “jumpy.” Smoothing the curves, as already indi- 
cated, simplifies them, but not sufficiently to assist in 
estimating the distribution of the lengths. 
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Tt is quite evident from inspection of the series of 
length-frequencies that no generalised frequency-curve 
can be found which would express the theoretical distri- 
bution. J have no doubt that investigation would show 
that some of ihe series might be represented by a curve 
belonging to one of Pearson’s types of the generalised 
probability curve, and that by an appropriate manipula- 
tion of the constants many might be fitted. But the fit 
would probably be fictitious, as none of these series deals 
with a homogeneous group of plaice. Obviously each 
contains fish of Age-Groups I and II, and some include 
higher age-groups also. ‘This is the case even when the 
frequency-curve is apparently unimodal, and in many 
series the curve is obviously multimodal. If a frequency- 
eurve could be found, which could be represented by an 
equation—as in the case of most biometric series—the 
study of fish migrations would gain immensely in exacti- 
tude, for one could replace the observed distribution of 
length by the theoretical distribution, and then modes 
and other frequency-points on the curve would represent 
the actual distribution with less improbability than the 
actually observed values.. But this is, apparently, not 
the case. 

The formula suggested by Edser* helps us in some 
respects. It is shown by this writer that, within certain 
limits, the distribution of lengths in a catch of plaice can 
be represented by an equation of the type log y=A+ ba, 
where y is the frequency, 2 the length, A a constant, and 
6 the tangent of the angle which the curve makes with 
the axis of wz The equation‘is, of course, that of a 
straight line. The whole catch of fish is represented by 
two straight lines, except near the mode. One line repre- 


* «‘ Note on the Number of Plaice at each Length, in certain 
samples from the Southern Part of the North Sea.” Journal 
Statistical Society, Vol. LXXI, Part IV, December, 1908, p. 4. 
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sents the frequency of the fish at lengths less than that 
of the mode, and the other the frequency at lengths greater 
than the mode. Now if this relation were of universal 
application it would be of immense value, for the work 
of fitting a catch of fish to such a curve is simple and 
rapid. Further the equation shows that the gradient of 
the curve is a constant one; that is the number of plaice 
at any length, say n+l1ems., is in a constant ratio to 
the number atm cms. Knowing, then, the numbers taken 
at any particular length—not too near the mode—we 
should be able to calculate what numbers were taken at 
most other lengths. The formula would enable us to 
estimate the value of the sample. 

But it will be seen by plotting the logarithms of the 
numbers of fish taken in most of the catches tabulated in 
this Report, that the equation does not generally repre- 
sent the distribution of lengths. One cannot expect that 
a close fit would usually be obtained, but it appears to 
me that the deviations from the curve are often too great 
to be due merely to errors of observation. Probably the 
catches consisting predominantly of fish of one age-group 
would fit the curve fairly well, but many catches evidently 
consist of fish of various age-groups, and the presence of 
these contrasting groups is often most distinctly indicated 
by the double modes in the frequency-curves. The 
equation log y=A+bz does not describe the distribution 
in such catches. If, on the other hand, a large number 
of plaice were caught at different times during the year, 
and on different fishing grounds, the variations in rate of 
growth due to different natural conditions, and the 
capture of fish at different seasons of the year would 
smooth down the curve and we should have a gross catch 
of fish, apparently homogeneous, but not really so. The 
equation, while useful in the analysis of commercial 
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statistics, does not help us greatly in dealing with true 
samples. 

By far the best method of graphing the figures is to 
integrate the percentage numbers and to plot the values 
so obtained. This was suggested to me by Mr. H. J. 
Buchanan-Wollaston* and the method has been con- 
sistently applied in the analysis of the data obtained. 
The frequencies are summed so that any ordinate, 
Y, =>, y. These values are then plotted in place of 
the original figures, and each value of y on the curves 
represents the percentage of plaice at and above the 
corresponding length represented by x. A glance at the 
graphs on pp. 117, 124, will at once show how greatly 
the analysis of the figures is facilitated; and how 
regularity is to be obtained from data apparently most 
irreeular. All the curves are very smooth: the dots 
represent the positions of the actual figures; and the 
graph can be drawn by inspection without any doubt as 
to how it ought to go. One sees at once what is the 
dispersion of the group of fish, and what are the modal 
sizes. 

The latter values are obtained by determining the 
points of inflexion on the curves. The graph is drawn 
very carefully, employing some mechanical method of 
obtaining a line which passes as near as possible to all 
the points, with as few changes of curvature as possible. 
As a rule this is a matter of little difficulty. The tangent 
is then drawn, using a glass ruler so that both sides of the 
curve are visible. The curvature is usually very slight 
at the point of inflexion, but the points where the tangent 
apparently begins to diverge from the curve can usually 
be observed fairly accurately, and the actual position of 


* The method is applied by Bowley, Llements of Statestics, Hd. 2, 
p. 155, 1902. 


H 
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the point of inflexion is found by bisecting the tangent 
between the former points. Often there are two points 
of inflexion, rarely three. The modes are found in this 
way much more easily then by methods of interpolation 
from the original frequency-numbers; and the accuracy 
is probably quite close enough when one considers the 
other sources of error inherent in the general investi- 
gation. 

Further graphical representation of the results of the 
measurements by these integral curves is really the most 
convenient method. One does not usually want to know 
how many fish in a catch were between, say, 20 and 
21 cms. in length, which is all that can easily be read 
from the differential curves; but what percentage of the 
whole catch is over, or under certain lengths, say 8 inches, 
and this is obtained at once from the graphs. The 
percentage of fish caught by a six-inch trawl mesh, at a 
certain time of the year, and on a certain fishing ground, 
between, say, 8 inches and 10 inches, is obtained by 
graphical interpolation, by drawing lines from the axis 
of z, parallel to the axis of y, and then, drawing lines 
parallel to the axis of z from the points on the curve, and 
letting these cut the axis of y. This is usually the sort 
of question that arises in practical fishery discussions. 

If it is desired to trace the seasonal changes taking 
place during a period of two or three months, on a 
particular fishing ground, with respect to the size of the 
plaice present, the curves for these months can be drawn 
to the same axes of coordinates. It is useful in such 
cases to change the origin to the point of inflexion, finding 
new coordinates by the formule, z’=«2-a, and y/=y-6, 
(a, b) being the coordinates of the point of inflexion. 
New scales are then drawn. All the conventions as to 
sign then have meanings: positive values of # represent 


SEA-FISHERIES LABORATORY. 113 


the modal length +.2, and negative values the modal 
length —wz; and positive values of y represent the modal 
frequency +y, while negative values are the modal 
frequency —y. I have drawn and discussed several such 
diagrams in a later section of the report, and it will be 
seen at once that these afford a picture of the changes 
taking place on the fishing grounds. Parts of each curve 
are, as it were, eaten away, showing how the fish popula- 
tion has changed as the result of the operation of several 
factors. 

Several diagrams are given in section 5 showing 
the relation of length and weight in plaice. That on 
p. 141 represents the average weight, in relation to mean 
length, of plaice caught in Barrow Channel, Rock 
Channel and in Beaumaris Bay. Such curves can be 
drawn by making use of the length-weight coefficients 
tabulated on p. 179: they are the graphs of the function 

3 
7 — = when the suitable values of k have been 
substituted. The theoretical curve differs hardly at all 
from the smoothed curve of actual values represented in 
fis. 79. | 

The construction of the graphs representing the 
length-frequencies in Age-Groups I, II and III will be 
discussed in a later section. 

The probable errors of the modal lengths have not 
been calculated. So far a comparison of the results of 
the measurements with similar data for other years is not 
possible. In any such comparison, due allowance will 
have to be made for the probable errors. 


8. MODAL SIZES OF PLAICE ON THE FISHING 
GROUNDS. 

The determination of the modal sizes of the plaice 

inhabiting the various fishing grounds has been the prin- 
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cipal object of the present investigation. A knowledge 
of these sizes is no less important when considering the 
question of the migrations of the fish than when practical 
regulations have to be elaborated. I would point out, in 
the meantime, that no attempt can yet be made to inquire 
into the causes of the migrations: it is obvious that 
investigation of this nature must await fuller knowledge 
of the annual hydrographic changes in the water of the 
Trish Sea. The data collected in the present Report do, 
however, possess much value when trawling regulations 
are being considered, and may be discussed from this 
latter point of view. I think the Committee now, for the 
first time, possess definite data with regard to the size of 
plaice on the various grounds within their jurisdiction. 
If such an investigation as the present one had been 
carried out at the beginning of the nineties the results 
of a comparison of the sizes of fish caught then and now 
would have been of the greatest practical value. But the 
trawling experiments made in the past, however valuable 
they may have been in the circumstances which dictated 
them, are too indefinite to be of much use now. 

It is therefore most useful that the data of the 
present Report should be published in detail, so that the 
condition of the fishing grounds during the period 1908- 
1910 should be recorded for comparison for future work. 
Obviously the “lumping together” of the results of the 
hauls cannot be practised to a great extent, since one 
cannot foresee the purposes for which the figures may be 
used. But it would require a great amount of space to 
record the results of each haul of the trawl net separately, 
and I think that little, if anything, is sacrificed by 
combining the results for each month, in each of the 
areas. In many cases only one haul is recorded for the * 
month, but when the figures are large—exceeding 1,000 
—they represent from two to five separate hauls. 
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It will be seen that the series of hauls is far from 
being complete with regard to each area. This is partly 
due to the fact that there are sometimes comparatively 
few plaice on the grounds in question; but it is more 
often due to difficulty in getting the Fishery Officers to 
understand their instructions. This has really been the 
most troublesome and discouraging part of the whole 
investigation, and one feels that results of value may have 
been lost by the failure to obtain an uniform series of 
data for each of the fishing grounds. 

Only the actual data themselves are tabulated, and 
the probable errors of the modes, etc., have not so far 
been considered. It is quite clear that separate series of 
figures representing the observations of several years, or 
of several different areas, cannot properly be compared 
with each other, unless due regard is paid to the statistical 
errors of the values compared. But the necessity for the 
calculation of these factors does not yet arise, since no 
comparisons are made, except a few which are purely 
provisional in their nature. It must, however, be con- 
tinually borne in mind, whenever any two curves, or 
series of figures, are compared with each other, that every 
point on the curve, or figure in the series, is only an 
approximation to the (unknown) real value, and is subject 
to more or less error. It is always possible to find the 
limits of this error, and when one makes a comparison, 
the values compared must obviously be greater than the 
limits of error. 

We may now consider the various fishing grounds in 
detail. The figures relating to the Firth of Clyde, Luce 
Bay, and the Bahama Bank area, are records of very few 
hauls, and are only recorded for comparison with the 
Lancashire and Welsh grounds. The Clyde off-shore 
from Corsewall Point is a fishing ground characterised by 
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a much more abundant fish fauna (in the sense of variety 
of species) than any part of the Irish Sea. _ The plaice are 
mostly large: thus the smallest caught was 35 cms. in 
length, which represents approximately the largest plaice 
usually found on most of the Lancashire fishing grounds. 
Luce Bay contains plaice of nearly all sizes, and the fact 
that few are recorded in the Tables of less than 15 em. in 
length is due merely to the condition that a 6$-inch mesh 
was employed in the trawl net. When a smaller mesh is 
used numbers of small plaice may be taken here also. 
The plaice population near the banks off the North end 
of the Isle of Man is a migrant one, and fish are only 
abundant there at the beginning of the year. From 
Bahama Bank over to the Selker Light Ship, off the 
coast of Cumberland, is a spawning area, and plaice from 
Luce Bay, the Solway, and parts of the sea off the coasts 
of Lancashire and North Wales resort there to spawn. 
At other times there are comparatively few fish there; 
the bottom is as “ bare as a billiard ball,” the fishermen 
skippers say, a statement which is, to a certain extent, 
hyperbolical. 


Duddon Banks. 


The fishing grounds in this area were visited several 
times in the spring by Captain Wignall, when getting 
material for study in the fishermen’s classes, and plaice 
were fairly abundant, the modal sizes show little signifi- 
cant variation during the spring months, but it is clear 
that the fish were steadily increasing in length. The 
percentage at and over 8 inches in length (20°5 cms., say) 
varied from 33 to 39. The curve for May can just be 
seen to be bi-modal, a condition which indicates change 
in the fish population either by immigration, emigration, 
or reduction by intensive fishing. In November Captain 
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Wignall again visited this district and made a catch. 
The proportion of plaice at and over 8 inches long had 
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Fig. 12. Upper fig. A, lower fig. B. Curves of Percentage of plaice 
caught at and above each unit of length. 


then risen to 82 per cent, more than in most other catches 
recorded in this report. From the appearance of the 
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curves | think that these plaice had inhabited this area 
during the entire summer and autumn, and had been 
practically unfished. The hauls for March and November 
are graphed as fig. 12 B. 


Barrow Channel. 


The sample catches made in this district were mostly 
small ones, being made by one of the Bailift’s sailing 
boats, employing a 25-feet trawl. They are, however, 
sufficient to indicate the changes taking place. Barrow 
Channel is not a “ nursery,’’ that is, it is not a shrimping 
area characterised by a small-plaice population, and the 
flukes that are found there in abundance during the 
summer and autumn are an immigrant population. The 
family of curves in fig. 13 represent the changes 
during the first four months of the year, and have been 
drawn, as already described, by changing the origin of 
co-ordinates in each case, so that it is situated on the 
point representing the modal size and frequency. Now, it 
will be seen at once from the graphs that the plaice 
population is, as it were, being eaten away from one end; 
it is the larger fish that are disappearing during those 
months, being caught by the stake nets in this neighbour- 
hood, or perhaps migrating outwards towards the 
spawning area off the Cumberland coast. May is the 
transitional month, and an in-shore migration, or perhaps 
a migration from other small-fish areas, begins, so that 
from that month till about October plaice are abundant, 
and are fairly large fish. But the stock is not being 
replenished after the middle of the year, and we find from 
then that the fish become less abundant and the larger 
sizes are fewer and fewer as the year progresses. 

The modal size shows significant variations from 
season to season. It is at a minimum—about 17°5 cms.—in 


SEA-FISHERIES LABORATORY. 


119 


the months January to April, and then begins to increase 


towards a maximum—about 245 cms.—in July. 
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Fig. 13. Percentages of plaice at and above each centimetre of length 
caught in Barrow Channel during January-April, 1909. 


The construction is explained in the text. 


increase in modal length is due simply to the growth of 
the fish which have migrated into the Channel, and 
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adjoining area, in the spring of the year: After July the 
modal size begins to decrease, and this is due to the 
fishing-out of the larger plaice. 

Considering now the proportion of fish over 8 inches 
(a purely arbitrary size which is suggested by the fishery 
regulations) we see a change analogous to those indicated 
above takes place throughout the year. In January 
there were about 25 per cent. of fish in the catch at and 
over 8 inches in length, and this proportion steadily fell 
to about 10 per cent. in April. Then it rose again as 
steadily till July—the month of the greatest modal size— 
when over 90 per cent. of the plaice caught were at and 
over 8 inches in length. From July the proportion 
steadily falls towards the end of the year. 

Whether or not a 6-inch mesh should be allowed for 
this area does not appear to me to be a question worth 
discussing. If the fishermen desire it they may as well 
be allowed to use it. When the plaice are abundant the 
proportion of the whole catch taken by a 6-inch mesh 
which is over 8 inches long is considerable; and con- 
versely when the fish are small, so that a 6-inch mesh 
will catch a considerable proportion of plaice which are 
less than 8 inches in length, the fish are so scarce that the 
regulations have no practical importance. 


Fleetwood Channel. 


This area includes parts of the estuaries of the Rivers 
Lune and Wyre. The catches quoted were made by the 
same officer and the same gear as in the case of Barrow 
Channel. They do not form so complete a series as in 
the latter district, but they indicate a somewhat similar 
series of changes. The increase in modal size persists 
till about September, when the plaice begin to decrease 
in abundance. This decrease in abundance is probably 
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due to migration out into deep water during the autumn 
and early winter to a greater extent than to fishing-out. 
Here again the trawl-mesh may, in my opinion, be either 
6 inch or 7 inch—the smaller size can hardly be of serious 
detriment to the general fisheries. 

Only these two parts of the Morecambe Bay area 
have been sampled, but obviously the shallow channels 
higher up: near Morecambe, for instance, and towards 
Ulverston and Grange, on the Northern side, deserve 
attention. ‘There are typical small-fish grounds on both 
sides—shrimping areas which constitute “ nurseries,” and 
a certain amount of trawling by second-class boats is 
carried on. There is also a good deal of stake-netting, 
and statistics of the sizes of plaice and soles caught would 
be desirable. It should be remembered that stake netting 
is a very considerable industry in this part of Lancashire 
and that large quantities of plaice caught in this manner 
are sent to the markets.* 


Nelson Buoy Grounds. 


There is often a considerable amount of trawling on 
the grounds off Nelson Buoy during the summer and 
autumn, and the plaice taken are mostly rather small fish. 
They do not appear (from the sample hauls recorded) to 
have been so abundant in 1909 as in some former years. 
The catches quoted in the tables do not show the same 
series of changes as in the cases of the Fleetwood and 
Barrow Channel grounds. We have to deal here with a 
plaice population migrating out from the nurseries in the 
estuary of the Ribble and inhabiting for some months the 
grounds lying between the Morecambe Bay and the 
Liverpool North-West Lightships and the Nelson Buoy. 
This plaice population becomes reduced during the 


* A. Scott, 13th Quarterly Rept., Scientific Work, Lancashire Sea- 
Fish. Committee, Oct., 1909, p. 10. 
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autumn (1) by fishing-out, (2) by the migration into 
deeper waters off-shore to the South and West of the 
larger fish, and (3) by an along-shore migration of the 
smaller fish during the autumn and early winter. It will 
be seen that we have a bi-modal curve during March (as 
in the case of Barrow Channel and Fleetwood Channel in 
January and February), indicating extensive changes in 
the plaice population. Thereafter the modal sizes show 
little or no significant change, though perhaps there is a 
shght increase due to the growth of the fish. The 
frequencies also show little significant change; the pro- 
portion of fish at and over 8 inches in length varies from 
about 30 per cent. to 70 per cent., being greatest in July. 
The statistics are not, however, extensive enough to enable 
one to discuss this point further. 


Fishing Grounds off the Estuaries of the Mersey and Dee. 


These grounds are the most interesting of the 
Lancashire and Western Sea Fisheries area, since it is 
here that we find the “fish-nursery” in its most typical 
form. Fortunately we have a fairly complete series of 
statistics, thanks to the conscientious work of Captain 
Eccles, the Bailiff in charge of the sub-district. I do 
not mean to say that the information is all that is 
desirable, but the data at our disposal are very instructive. 
The Mersey area is really one of the most diversified in 
the whole Irish Sea, that is from the point of view of its 
fisheries. It includes large tracts of shallow water, on 
the margins of the channels and banks, suitable in every 
respect fcr the nurture of young fishes. These shallow 
waters form a very productive shrimping area. ‘There is 
comparatively deep water (from the in-shore fishery point 
of view) in the outer channels; and there are “rough”’ 
bottoms, some of which are prawning areas and exhibit 
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the typical varied Laminarian zone invertebrate and fish 
faunas, in Rock Channel, in the Dee, and off Air Point. 
The in-shore parts of Liverpool Bay are probably the 
scene of hydrographic changes to an extent greater than 
any other corresponding area in the Irish Sea, and it is 
probable that to these changes may be attributed such 
remarkable instances of fish migrations on the large scale 
as the exceptional abundance of herrings in the early 
nineties, and the extensive immigration of haddocks in 
the same decade. 


Yo-inich 


Fig. 14. Percentages of plaice at and over each unit of length, in the 
catches made in the Mersey area by trawl nets of various sizes of mesh. 


(1) The Shrimp-trawl Catches.—These 
were made by a 20 feet trawl net of 4 inch mesh. The 
numbers are fairly large, and the tables may be 
regarded as affording a very reliable picture of the size 
of ihe small plaice inhabiting the nursery grounds. It 
will be seen that there is little or no significant difference, 
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from month to month, in the modal size of the small 
plaice taken in the shrimp trawl: this varies from about 
7 to 74 cms., with corresponding values of frequency of 
about 60 per cent. to 70 per cent. That is the proportion 
of the whole catch which is at and over the mean modal 
length (=about 7:3 cms.) is about 67 per cent. At the 
beginning and end of the year the curves are apparently 
simple, but at most other times there are two modes, the 
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Fig. 15. Percentages of plaice at and above each unit of length, caught 
in the Mersey area in certain months in 1909. 


lesser being due to immigration of larger fish at the 
beginning of the year, and to the growth of the small 
fish at the latter end of the year. The mean proportion 
of the total catch which consists of plaice between 5 and 
9 cms. in length is very nearly 66 per cent. That is to 
say, a shrimp trawl-net of 25 feet beam and } inch mesh 
catches a certain number of young plaice,* and about 


* Average values for the numbers of small plaice taken are given 
by Dr. Jenkins and myself in Ann. Rept. Lancashire Sea-Fish. Laby. 
for 1900, p. 39, 1901. 
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two-thirds of these are from 2 to 3} inches in 
length. 

(2) The 6-inch trawl-mesh catches— 
Rock Channel.—Except for the end of the year, 
when the catches were rather small, plaice being scarce 
in Rock Channel, the figures recorded in the tables afford 
reliable pictures of the kind of fish inhabiting this part 
of the district. It will be seen that we have to deal here 
with a typical “small-fish’ population. The modal sizes 
vary between 161 and 19 centimetres, differences which 
do not appear to me to be of significance. At the middle 
of the year (June) the modal size is least and the 
frequency curve shows two maxima. This bi-modal 
distribution is due to the growth of the plaice; about 
this time vast quantities of the smaller fish previously 
less than about 10 ems. in length have grown to be large 
enough to be caught in numbers in the 6-inch mesh trawl 
net. These little fish decrease the modal size and swamp 
the large plaice, producing the bi-modal curve. Before 
this time the predominant fish population represented in 
the catches were those of both of the two previous years’ 
spawning; after June the predominant part of the catch 
consists of fish of the previous year’s spawning. 

Considering the plaice which are 8 inches long and 
less than 8 inches long, we find that from March to July 
the proportion of the whole catch consisting of fish below 
this length varied from 80 per cent. to 87 per cent. In 
June there are about 93 per cent. of plaice less than 
8 inches long in the catch. After the end of June the 
percentage falls. In September 69 per cent. were less 
than 8 inches in length, in October 78 per cent., in 
November 50 per cent., and in December 40 per cent. 
But the catches during the latter two months were small 
ones. When these figures come to be compared with 
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those of future years, it will be necessary to pay due 
regard to the probable errors, but in the meantime we 
may say that of all the plaice caught by a 6-inch trawl- 
net in Rock Channel, about 64 per cent. were less than 
8 inches long. 

Six-inch trawl-mesh catches: Near 
Mersey Bar.—tThere are few of such catches recorded, 
but it will be seen at once by a glance at the tables that 
a rather different class of plaice are taken in this part 
of the Mersey area. The modal lengths vary from about 
18 to 21 cms. Roughly speaking, we may say that the 
modal length is about 8 inches. Then about 46 per 
cent. of the plaice are less than 8 inches long, as compared 
with about 64 per cent. in the Rock Channel area. But 
the dispersion of the sizes in the Bar catches is much 
greater than in the catches made in the former area, and 
quite a fair proportion of medium-sized fish are taken. 

Six-inch catches: Horse Channel.— 
Sample catches were made in this area during the months 
June to November inclusive, and the numbers of fish 
taken are large enough to enable us to form a reliable 
opinion as to the effect of this means of capture. The 
modal lengths vary from 183 to 21:5 cms., and are 
significantly greater than in the Rock Channel ground. 
The curves are in all cases bi-modal ones, and, as in the 
case of the catches made near the Mersey Bar the 
dispersion is much greater than that exhibited by the 
catches in the small-fish area. The proportion of plaice 
less than 8 inches long in the catch is about two-thirds 
in June, and falls to about one-quarter in September. 
Then, as the result of fishing-out, perhaps also of emigra- 
tion into deeper water, the proportion of fish under 
8 inches in length rises, and is about 40 per cent. in 
November. 
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Tt will be seen that there is a notable difference 
between the sizes of plaice taken in the 6-inch trawl net 
when worked in Rock Channel] and the closely adjacent 
shallow waters, and in the deeper water in the outer 
channels. In the former area the 6-inch trawl mesh 
undoubtedly catches a fairly large proportion of small 
plaice of comparatively little marketable value. In the 
deeper water off-shore this proportion of small plaice is 
much less, and may be neglected. I see no reason why 
a 6-inch trawl-mesh should not be regarded as a reason- 
able instrument of capture. It may be urged that it is 
a destructive engine in shallow waters such as those in 
the Rock Channel; but I do not think we have evidence 
enough to justify us in preventing its use if the fishermen 
should strongly desire it. I will, however, return to this 
point later on. 


The Beaumaris and Red Wharf Bay Area. 


The fishing grounds West from the estuary of the 
Dee are characterised by a plaice population in which the 
fish are considerably larger than in the shallow waters 
off the coasts of Lancashire and Cheshire. The fishery 
on these grounds is an autumn or early winter one. 
Sometimes the bulk of the plaice’are taken near Colwyn 
Bay, as during the winter before last; but in other years 
large quantities of plaice are taken in Red Wharf and 
Beaumaris Bays. In the later months of 1907 and the 
beginning of 1908 there was a very profitable plaice 
fishery in Red Wharf Bay. At the end of 1908 the fish 
were most abundant, and were largest, off Colwyn; and 
at the end of 1909 the biggest catches, and the largest 
plaice, were obtained from the fishery grounds immedi- 
ately round Great Orme’s Head and in Beaumaris Bay. 
At the very end of the year large plaice began to be 
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plentiful in Red Wharf Bay. These changes are, no 
doubt, to be associated with variations in the hydro- 
graphic conditions of the sea in these regions, but just 
what is the nature of these associations is as yet doubtful.’ 

Fairly large catches of plaice were made in the 
Beaumaris and Red Wharf Bay area by Captain Wignall 
during the autumn of 1909, and the figures appear to me 
to be very reliable and to give us a very accurate picture 
of the distribution of sizes on this fishing ground. I 
have grouped together all the catches made in “ Beau- 
maris Bay,” “Conway Bay,” “ Off Orme’s Head,” and 
in “Colwyn Bay.” All these grounds may be regarded, 
during this last fishing season at least, as constituting 
practically the same area. The catches made in Red 
Wharf Bay have, however, been kept separate from the 
rest, though it would not have made much difference to 
the results had they been incorporated with the rest. 

It will be seen from the tables and from the curves 
in fig. 12 that the plaice taken were smallest in June 
and July, and that they become larger as the end of the 
year approaches. The curves are uni-modal in June and 
July, the mode being about 20 cms. After August the 
dispersion increases and the fish become, on the whole, 
larger. From September to the end of the year the 
curves are bi-modal. Those for November are remarkably 
similar, and the October and November curves can be 
superposed, so alike are they in magnitude and phase. 
This similarity appears to me to indicate that we are 
dealing here with samples which are of great reliability. 
In December the modal sizes are greater than in the 
preceding months. The double mode indicates the 
presence of plaice of Age-Groups II and III, though, of 
course, the positions of the modes are not exactly those of 
the maximal sizes in those groups. Plaice up to six years 
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of age were represented in these catches, though not 
abundantly, and the older fish were not numerous enough 
to affect the form of the curves. 

The difference between these plaice and those taken 
off the coasts of Lancashire and Cheshire is best seen 
when we compare the proportion of the whole catch 
consisting of fish less than 8 inches long. In June and 
July about 46 per cent. of the catches made in Beaumaris 
Bay were plaice less than 8 inches long. The corre- 
sponding percentage for Red Wharf Bay in July was 44. 
But on both grounds from August onwards the proportion 
of fish less than 8 inches long drops to about 25, and in 
some cases was less than 20. 

Obviously the question of the restriction of the mesh 
has little interest in relation to these grounds. The 
proportion of small plaice taken by the 6-inch trawl-mesh 
in those months when the fish are abundant is so small 
that we cannot conclude that the general use of this net 
can do any harm to the fishery, and if the fishermen wish 
to employ it in these in-shore waters I see no reason why 
they should not be allowed to do so. 


Catches made in Cardigan Bay. 


Comparatively few sample catches have been made in 
Carnarvon and Cardigan Bays, and I quote only those 
taken from the trawling grounds off New Quay Head, 
in Cardigan Bay. We have to deal here with fairly large 
plaice; thus the modal sizes vary from 29 cms. in 
February to 21 in May. Obviously a migration of 
smaller fish was taking place about the end of this 
period; thus the modal size is decreasing all the time, 
and it is evident, from a consideration of the curves for 
March, April and May that this is due to the swamping 
effect on the large fish population, of a host of immigrant 
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smaller plaice, and not to fishing-out. In February only 
2 per cent. of the fish were under 8 inches in length, in 
March 6 per cent., in April 17 per cent., and in May 
as much as 21 per cent. Apparently the conditions at 
the south end of Cardigan Bay are very different from 
those off the coast of Lancashire. ‘The natural conditions 
are no doubt not the same, but much of the difference 
may be due simply to the fact that the fishery at this 
part of the coast is very much less intense than in the 
highly exploited grounds to the North. The distribution 
of plaice in Cardigan and Carnarvon Bays would be well 
worth closer attention than we have been able to give to 
it. 

4. AGE-GROUPS. 


The determination of the modal lengths of the plaice 
inhabiting the various fishing grounds in the Lancashire 
district has been the most unsatisfactory part of the whole 
investigation. The total number of fish examined is a 
little over 2,500, probably much too small a number. If 
these fish had all been collected from one fishing ground, 
and during the same time of year, reliable figures for the 
lengths of plaice one, two and three years of age might 
have been obtained. In the Report on this work, 
published in 1909,* I gave particulars relating to the 
examination of about 1,000 plaice caught during the year 
in the northern part of the district; and it was seen, on 
considering these figures that the process of “ lumping” 
the fish caught, even on grounds which are not far distant 
from each other, led to erroneous conclusions. Far more 
faulty, however, was the method of combining the results 
of examinations of fish caught at different times in the 
year; for while the curve of growth of the fish is a 


* Lancashire Sea Fisheries Report for 1908, p. 33, 1909, 
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continuous one, that representing the age is discontinuous. 
It is sometimes difficult, at particular seasons in the year, 
to be sure of the number of rings of growth in the 
otohth. A faint marking on the margin may be the 
beginning of another opaque ring, but the appearance 
may also be only the effect of refraction. A week or so later 
it might have been possible to ascertain with certainty 
the age of the otolith in question; but there would be a 
difference of a whole year in the recorded age of the fish, 
while the length of the latter would hardly have changed. 
Obviously the “lumping” together of catches consisting 
of plaice which were passing through this transition 
stage, and others taken before or after the cessation of 
erowth, would produce discordant results. 

The plaice examined in 1909 are therefore grouped 
according to the precise fishing ground and the month of 
capture. The disadvantage inherent in this classification 
of the results is that small numbers of fish must, of 
necessity, be considered. It would, of course, be possible 
to examine, say, 1,000 plaice from each fishing ground 
during three or four sample months of the year, but the 
practical difficulties of investigation on such a scale are 
very obvious. On the whole it is better to deal with 
small numbers of fish taken under precisely similar 
conditions, and trust that the summation of the results 
of several years’ investigation may afford accurate data 
for age-determinations. 

The tables on pp. 172-178 include the results of all 
the measurements made in 1909, and are summarised in 
the table on p.180. It will be seen, by inspection 
of the latter, that there are gaps in the series representing 
each fishing-ground; and these gaps are due partly to 
the fact that plaice are not present on each ground to 
abundance throughout the year, and partly to the not 
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unnatural reluctance of the Fishery Officers to mis- 
apprehend their instructions that large samples of the 
fish caught by them should be sent to the laboratories 
periodically. The modal lengths tabulated on p.188 have 
been determined by integration of the original frequency 
series, as 1n the case of the other tables. As a rule there 
is little difficulty in estimating very approximately the 
position of the modal frequency. When the curves are 
drawn it is often apparent that one or other of the 
extremities is unrepresented in the series, but this may 
affect very little the value of the mode. Asa rule, when 
30 to 50 fish of any of the Age-Groups are examined, 
the mode can be ascertained. It is sometimes impossible 
to determine the modal length of Groups I and II in the 
same catch, the latter consisting predominantly of fish 
of the same year; and as a rule it is impossible to 
ascertain the length of plaice of Age-Group III except in 
one or two of the Lancashire fishing grounds. Plaice of 
more than three years of age are not allowed to inhabit 
the shallow waters off the coasts of Lancashire and North 
Wales in very great numbers. 

It would be a result of very great value if one could 
determine the law of variation in growth, so that a 
theoretical frequency-curve could be substituted for the 
observed distribution. Unfortunately this has not been 
possible. In order to determine the equation of the curve 
which the observations would fit with least improbability, 
a very large number of plaice would have to be examined, 
and one would have to collect the fish under conditions 
which would ensure the homogenity of the material; that 
is, they must be caught at the same time of year, and on 
the same place, so as to avoid the influence produced by 
migrations; and the catches would have to be made by 
means of trawl nets of different meshes. For just as no 


SEA-FISHERIES LABORATORY. L385 


single plankton net can be expected to collect a represen- 
tative sample, so no one trawl-mesh gives us a representa- 
tive catch of the fish resident on the sea-bottom. 

Three groups of plaice caught during 1909 have been 
examined statistically in order to see whether the 
distribution of the length followed the normal law. The 
results of these examinations are given in Tables on 
pp- 181-182, and the curves (figs. 16 and 18) express the 
distribution graphically. It will be seen that the 
correspondence is in no case a close one, and that it is 
probable that the distribution would be better repre- 
sented by a skew curve. 
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Fig. 16. Catch of 44 plaice from Barrow Channel, 12 July, 1909, Gp. II d - 
Correspondence with curve of error, 


I thought it might be possible to decide whether o1 
not the deviations from the modal length in a number of 
young plaice, of very approximately the same age, were 
distributed according to the normal law of error. For 
this purpose a number of measurements made by Mr. 
H. C. Chadwick were available.* The fish had been 


* Referred to in Annual Report of Liverpool Marine Biology 
Committee for 1907, p. 18. 
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spawned in the large pond at the Port Erin Hatchery 
about the 26th of April, 1906; probably the error in this 
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Fig. 17. Catch of 95 plaice from near Nelson Buoy, June, 1909. Gp. II ¢ . 
Correspondence with curve of error. 
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Fig, 18. Catch of 99 plaice from near Nelson Buoy, June, 1909. Gp. 112. 
Correspondence with curve of error, 
date does not exceed + 14 days. ‘The eggs collected from 
the pond were, as a rule, put in the incubating boxes, but 
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a large number had been put into a division of the pond, 
where they developed until the close of the spawning 
season of the following year. During the winter of 1906 
the whole pond had been emptied, cleaned out, and the 
bottom was allowed to dry. It is, therefore, impossible 
that any small plaice were there at the beginning of the 
hatching season of 1906, and we may be confident that the 
fish measured in May, 1907, were just over one year old. 

The sizes of the 200 plaice examined are tabulated 
on p. 183. ‘They were measured to the nearest $-inch, 
and the figures are grouped into 4 inch classes. The 
mode is at 2°625 inches, a result which agrees well with 
what we know of the life-history of the plaice in the sea, 
and the limits of variation are also concordant with such 
impressions as I have received on looking over the 
contents of the catches made by shrimp trawls worked 
on shrimping areas when small plaice are abundant. It 
will be seen from the table on p. 168, representing the 
results of shrimp-net hauls in the Mersey, that the 
highest percentage of small plaice caught is that about 
65 centimetres (approximately 2°6 inches). I do not 
know what these small plaice fed upon in the spawning 
pond, but the latter was said to contain a very abundant 
copepod fauna, and on the Mersey grounds copepods form 
the diet of small plaice up to about 1 inch in length. 

It is evident from a glance at the series of measure- 
ments on p. 183 that the sizes of these 200 young plaice 
cannot be arranged in a simple frequency curve. At 
about 4 inches the numbers of fish in each class begin to 
increase. It is true that this increase is small, and the 
total instances are not enough to enable one to be sure 
as to its meaning. It is, however, quite possible that we 
are really dealing with heterogeneous data. he spawning 
pond was stocked with plaice collected (1) from Port Erin 
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Bay, and (2) from Luce Bay. Now the latter area is 
strictly preserved against trawling, while the sea round 
the Isle of Man is certainly fished for all it is worth. 
Further, there is a very abundant plaice population in 
Luce Bay, while that round the South end of the Isle of 
Man is very sparse. It is, therefore, quite possible that the 
local plaice were different from those of Luce Bay, and 
had a more rapid rate of growth than the fish of the 
latter region. ‘This difference in the spawning fish would 
result in a difference of rate of growth in the larvae and 
young fish. ‘The double mode, in fact, may be taken to 
indicate two strains of fish. 

On the other hand, it may simply indicate that the 
rate of growth of the plaice is such that the deviations 
from the modal character for a homogeneous group form 
a skew curve. It is not possible to settle this point in 
the meantime. I have, however, attempted to make a 
correspondence between the deviations exhibited by the 
Port Erin plaice and the normal curve of frequency error. 
Taking the mode at 2'625 inches, the part of the series 
as far above the mode, as the smallest fish is below it, is 
neglected. ‘The standard deviation and modulus have, 
however, been calculated for the entire series; but in 
constructing the algebraic curve the modulus has been 
taken as O°8 instead of. the calculated value, 0-712. 
Points on the normal curve are then found by a method 
suggested by Mr. A. L. Bowley.” The correspondence 
is not good, and though it is not quite justifiable to con- 
clude that the observed measurements are those that would 
result, with least improbability, from the normal curve, 
it seems to me that the distribution is almost as likely 
to follow the latter law, as that expressed by the equation 
of one of the asymmetrical frequency curves. The 


* This differs slightly from that indicated in Mr. Bowley’s Blements 
of Statistics. 
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symmetrical curve would not, strictly speaking, be the 
normal curve of error, deduced from the binomial 
expansion, with branches extending to infinity in either 
direction, but rather Pearson’s “Type II,” that is, 


GeN oR 
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which is symmetrical, but limited in both directions. 

Leaving for further investigation the question of the 
application of a theoretical frequency-curve, we may 
consider the modal sizes of plaice of Age-Groups I, II, 
and III, inhabiting the coasts of Lancashire and North 
Wales. It is quite impracticable to attempt to estimate 
the ages of fish older than these, for such plaice are so 
sparingly represented on the in-shore fishing grounds as 
to make any such estimate subject to considerable error. 
During the autumn there is indeed an immigration of 
large mature plaice into shallow water, so that fish 
belonging to Age-Groups IV and V may be taken in 
Barrow Channel and off the coasts of the North Welsh 
counties, but the number of such plaice examined is far 
too small to be capable of statistical treatment. It will 
also be seen from the tables that fairly large plaice may 
be taken on the banks off the North of the Isle of Man, 
in the Firth of Clyde and in Luce Bay, and the results 
of several hauls on these grounds are given for the 
purpose of comparison with the Lancashire fishing area. 

The plaice caught on the latter grounds belong almost 
entirely to Age-Groups O, I and II. Barrow Channel, 
the shallow water in the estuaries of the Rivers Lune and 
Wyre, the grounds off Nelson Buoy, and the Rock 
Channel in the Mersey area may be taken to represent 
the Lancashire in-shore area, and there is comparatively 
little difference in the modal sizes of the plaice captured 
on these grounds. ‘I'he table on p.180 may be very 
briefly summarised as follows : — 
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Group I. Modal lengths in the spring 


months (January-March). 


(1) Barrow Channel : 
Males, 18 cms. long; females, 18 ems. long. 


(2) Lune and Wyre: 
Males, 17 cms. long; females, 17 cms. long. 


(3) Rock Channel: 
Males, 17-5 ems. long; females, 18 ems. long. 
Modal lengths in the autumn 
months (September to November). 
(1) Barrow Channel: 
Males, 19 cms. long; females, 19 cms. long. 


(2) Lune and Wyre: 


Males, 18 ems. long; females, 18°5 cms. long. 


(3) Rock Channel: 


Males, 19 cms. long; females, 19 cms. jong. 
Group Il. Modal lengths in the spring 


months. 


(1) Barrow Channel : 
Males, 23 ems. long; females, 23 cms. long. 
(2) Lune and Wyre: 


Males, 18°5 ems. long; females, 21 cms. long. 
(3) Rock Channel :— 
Males, 21 ems. long; females, 21'5 cms. long. 
Modal lengths in the autumn 
months. 
(1) Barrow Channel: 
Males, 22 cms. long; females, 22 cms. long. 


(2) Lune and Wyre: 
Males, 24 cms. long; females, 22 cms. long. 


(3) Rock Channel : 
Males, 21 ems. long; females, 21:5 cms. long. 
The differences in the modal lengths of plaice taken 
from these various grounds are very slight, and may be 
expected to be less than the probable errors of the deter- 
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minations. It is to be noted that there are nq. marked 
differences between the lengths of the males and females 
of each Group: what differences there are are often 
reversed. It is also to be noted that the differences 
between the modal lengths of Age-Groups I and II 
are very slight, amounting to only 3 to4 cms. I expected 
that the average growth during the third year of life 
would have been greater than is indicated by the above 
figures. | 

Quite a different plaice population is contained on 
the grounds off Rhyl, round Great Orme’s Head, and in 
Red Wharf Bay. Here the fish belonging to Age- 
Group I are far less in proportion to the older fish than 
on the Lancashire fishing grounds. So few fish of this 
eroup were contained in the sample sent to me that I 
have not attempted to estimate their modal lengths; the 
figures are, however, given in detail in the tables. On 
the other hand, Age-Group IIT is represented in sufficient 
numbers to enable the modal lengths to be determined. 


Age-Group II. Beaumaris Bay and adjacent 
© 10.0, nm dis, - 
July: Males, 19-5 cms. long; females 20 cms. long. 
Noy.-Dec.: Males, 25 cms. long; females, 25 cms. lone. 


Age-Group III. Beaumaris Bay and adjacent 
STON, 0.9! 


Noy.-Dec.: Males 27 cms. long; females, 29 cms. long. 


5. LENGTH AND WEIGHT. 

The object of determining the weight of the plaice 
taken on. the various fishing grounds was to find a 
numerical expression for the “condition” of the fish, 
both with regard to season and fishing ground. One 
knows very well when a plaice is “in condition” from 
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its general appearance, but it is obviously desirable to 
have some measures of this quality, in order that it may 
be accurately compared in different samples. The, samples 
received represent most of the fishing districts, but fairly 
good series were obtkined only from the Barrow Channel 
and the Mersey shallow water grounds. 

As a rule the method of weighing was to sort out the 
fish in each sample into centimetre groups, and then te 
take the total weight of all the fish in each group. Some- 
times each fish was weighed separately. The weight was 
always found to the nearest gramme, whether in a single 
fish or a number. Mature females with ripening ovaries 
were weighed, but the results were not made use of in 
determining averages. The tables apply, therefore, to 
immature females or to mature and immature males. 

The average weights themselves are not published: 
obviously to Jo so would involve much space, and the 
table of values of the coefficient & can be used to find the 
average weight of the plaice of each fishing ground and 
season represented. The weight = ar k, ¢ and the 
weight being taken in centimetres and grammes respec- 
tively. Since the & of the table is itself an average 
number, the weight will represent the mean for the place 
and time in consideration. 

Fig. 19 represents the increase of weight with 
length in the case of four typical catches cf plaice. That 
from Barrow Channel in July may be regarded as repre- 
senting plaice in good condition; while the catch for 
February represents the fish when in the worst condition 
of the year. One sees that the differences are fairly 
considerable: a 10-inch plaice in good condition weighs 
about 62 ounces, while a fish of the same length taken at 
the time of its worst condition weighs only 5} ounces. 
These July fish were in first-rate condition and were 


SEA-FISHERIES LABORATORY. AL: 


mostly feeding on small mussels, about + to § inch long. 
The catch from Beaumaris Bay in September consisted of 
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Hie. 19.—Average weights of plaice at each unit of eee from 
various fishing grounds. 


fish nearly as good, but of all the plaice sampled, those 
from Barrow Channel in July were the best. The February 
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catch from Rock Channel represents the poorest plaice 
taken in the Lancashire and Welsh district, with the 
exception of one catch from Menai Straits in March—a 
10-inch fish from the Rock Channel catch weighed only 
about 45 ounces. 


KE 
100 
but each of the curves is a smooth line drawn as near as 


The figure is not the graph of the function 


possible to the points representing the actual average 
weights. It is not drawn absolutely correctly and is 
intended to show the relative weights at different places; 
closer approximations can be made to the weights by 
calculating from the table of values of the coefficient k. 
Really true values are not really obtained either by this 
process or from a graph on which weights calculated from 
“constant ” & is not 
absolutely a constant, but often varies slightly in the same 


the formula are plotted, because the 


series. If it is calculated for each centimetre group in the 
same catch it is frequently found that it is greater in 
relation to the larger fish than the smaller ones. That is, 
the plaice does not grow equally in all dimensions, and 
the ratio of length to thickness or average width probably 
varies with increasing age. 

The values of the coefficient & for three of the series 
are plotted in fig. 20. It will be seen that they form 
curves with one maximum, which in the case of the two 
Channels is in July. The curves probably rise to the 
maximum more steeply than they fall to the minimum, 
but the number of observations is not great enough to 
enable us to be quite sure of this. The minimum appears 
to be in January. About the end of November plaice 
cease to feed as a rule, and very little is found in their 
stomachs until the end of January. In the case of the plaice 
taken in Beaumaris and Red Wharf Bays there appears to 
be a notable difference in that the condition of the fish is 
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maintained till a later period of the year than in the 
other two fishing grounds. 

I would direct particular attention to the differences 
between the condition of the plaice from these three areas. 
I think one can hardly regard these differences as 
indicative of different “ varieties” or “‘races”’ of plaice 
in the way one would so interpret structural differences. 
The grade of condition appears to depend on the amount 
and nature of the food at the disposal of the fish on their 


feeding grounds, and on the density of population on 


these areas. But it is rather difficult to believe that the 
condition depends entirely on the amount of available 


10 


Jary. feby Mar April May SuneJuly Aug Seb Oct Nov Dec 


Fic. 20. Monthly variations in the value of the coefficient k. 


food. I examined the alimentary canals of a number of 
plaice caught both in Barrow Channel and in Rock 
Channel during the last two years. As a rule the plaice 
in the former area contained small mussels from one- 
quarter to half-an-inch in length; while plaice from the 
latter area usually contained small cockles, T'ellina, 
Scrobicularia, Donaz, and Pectinaria, the latter animal 
being very abundant at times. Food molluscs seemed to 
be abundant in both areas. Nevertheless, one is forced 
to conclude that the fish in Rock Channel are not so well 
nourished as those in the northern area; it may be 


K 
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because food is less abundant, or that small mussels form 
a more nutritive diet than the other animals mentioned. 
The latter conclusion appears reasonable, since the shells 
of such small, rapidly growing mussels as were found in 
the Barrow Channel plaice were, as a rule, exceedingly 
thin. However this may be, there can be no doubt that 
we have to deal, in the Rock Channel area, with small 
plaice which are below the normal in condition. 

The graphs of the variation in value of the coefficient 
k, which we may regard as a good index of the condition 
of a plaice with regard to nutrition, appear to back up 
this conclusion. All through the year the coefficient is 
less, in the case of the Rock Channel plaice, than in 
plaice either from Barrow Channel or from Beaumaris 
and Red Wharf Bays; and in July the maximum is 
attained in the two former areas, but it is much greater 
in the northern than in the southern area. The conclusion 
that the Rock Channel plaice are below the normal with 
regard to condition appears to be so important that it is 
desirable to examine critically the data on which it is 
based. The values of the coefficient & represent variations 
in the condition of the fish; when the average weight 
(the “ condition”) of plaice of a certain length is 
relatively high, & is also relatively high, and vice versd. 
Each value of & in the table on page 179 is deduced from 
weighings of a sample of fish varying from 40 to 150 in 
number. Altogether about 1,100 plaice from Rock 
Channel and about 740 from Barrow Channel were 
weighed. When there are several determinations of k for 
one month, the average is taken. The values of & found 
in the table have been smoothed, and the graphs in 
fig. 20 represent the monthly variation of these 
smoothed numbers. The arithmetic average of the value 
of k, for Barrow Channel plaice, for the ten months, 
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January to October, 1909, is 1084. The similar average 
for Rock Channel plaice for the same months is 0°966. 
The former fish are therefore in better condition, since 
the average value of & is greatest. 

Now these mean values are deduced from samples; 
obviously the latter must be unreliable to some extent, 
since we can never sample an assemblage of organisms 
in the sea without error; and it is necessary to ascertain 
the limits of error whenever a comparison of two or more 
series of samples is made. ‘The precision of the mean 
depends on the extent to which the data averaged 
“scatter ’ from the maximum point in the series, and is 
deduced from the standard deviation. The arithmetic 
mean (or average) in the case of the Barrow Channel 


series is 1°0384, and the standard deviation a, 


i a9 =0°0808:  v. being the sum of the “second 


moments” about the mean, and N=10, the number of 


observations. The probable error of the mean is ra 
and is 0°025. ‘ 


“Unless a result exceeds the expected by two or three 
times the probable error, it is not safe to assume that the 
particular case differs from the expected result.” Now 
the mean value of & in the Rock Channel statistics is 
0-966, and differs from the mean of the Barrow Channel 
statistics by 0°068. The difference is therefore 2°6 times 
the value of the probable error, and we are justified in 
regarding it as significant, and indicative of a real 
difference in the condition of the two fish populations 
sampled. 

If a complete series of weight statistics for the plaice 
of the Beaumaris—Red Wharf grounds were available, 
we should probably find a corresponding significant differ- 
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ence. But there are no figures for months prior to July. 
The part of the curve drawn does, however, indicate that 
the plaice population differs from that of the other two 
areas. We know that the fishery in this part of the 
district is an autumn and winter one, the fish immigrat- 
ing into the in-shore waters off the North Welsh coast 
late in the year. The fish do not appear ever to have 
been in as good condition as those in Barrow Channel 
during July, but they retain a high average weight until 
late on in the year, when the condition of both Barrow 
Channel and Rock Channel has fallen below the mean. 


6. INFLUENCE OF SIZE OF MESH. 


We should be able to find out what range of sizes of 
fish would be caught in trawl-nets of different sizes of 
mesh, by making a sufficient number of trial hauls; and 
this kind of information is so important, practically, that 
it is rather surprising that it has not been obtained long 
before the present time. A number of such comparative 
hauls were made in the earlier years of the Committee’s 
work, but I think the results are far too indefinite and 
inexact to be of much use. It is quite absurd to describe 
a catch of fish as consisting of so many over, say, 8 inches 
in length and so many under 8 inches, for one cannot 
say how far below or above the standard size the fish 
were. It is only by measuring each fish taken, and then 
exercising some care in the calculation of probable 
average or modal sizes, that results capable of standing 
criticism can be obtained. I do not think that very good 
results can be obtained from the use of a double net, a 
net of 4-inch mesh, say, outside one of, say, 7-inch mesh. 
Obviously the wide meshed net would not make the same 
catch as if it were used alone, for the draught of water 
through it would be diminished by the small-meshed net 
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outside. We can ascertain the range of sizes of fish 
caught in nets of particular mesh only by using each by 
itself. 

Very few hauls by nets of mesh other than 6 inches 
have been made; they are all recorded in the tables on 
pp. 163-165. Captain Necles used nets of 43-inch mesh 
(p. 163), 4-inch mesh (p. 164), 6-inch mesh and 7-inch 
mesh (p. 165). The results are rather few yet for 
statistical treatment, and one must remember that the 
range of sizes of plaice taken in the nets will be affected 
by various factors. Thus an unusually large proportion 
of invertebrates, say large jelly-fishes or star-fishes, in 
the catch will be associated with a larger proportion of 
smaller fish; while a difference in the speed at which the 
net is dragged must also affect the catch. I do not 
suppose that a 4-inch net dragged from a steamer would 
give the same range of sizes as the same net dragged over 
the same ground by a sailing boat. Probably two fisher- 
men working the same boat and net over the same ground 
would not get similar catches. In order to obtain reliable 
measures for the catching powers, with regard to the size 
of fish, of trawl nets of different meshes it would be 
necessary to make a large number of trials on the same 
ground and by the same boat and fishermen. I should 
think that a dozen hauls by nets of 6 and 7 inch mesh 
during the same month, on a ground where fish were 
abundant during the whole period, and arranged so that 
so many comparison hauls were made on alternate days, 
would give fairly reliable results. Of course it might 
be objected that the fish population had changed during 
the interval, and that it would be difficult to trawl over 
precisely the same ground each time, but these objections 
appear to me to be cavilling rather than real criticism. 
At any rate, no other practicable means of investigation 
can be suggested. 
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Fig. 14 represents the catches made by four 
different trawl nets--a shrimp net of }-inch mesh, and 
three fish trawls. They were all made by Captain Eccles 
from a second-class fishing boat in the Horse Channel 
arer during September; the actual counts of the fish 
taken are given on pp.159-165. The shrimp net was 
used once and caught 579 plaice; the other nets were 
used several times each and caught over 1,000 plaice 
each. When the figure was first drawn one of the 6-inch 
net hauls was omitted, but on replotting the total catch 
it was seen that the curve was not materially altered. I 
do not propose to deduce any “factor ’’ for the catching 
power of each net, but quote the results as those obtained 
by a thoroughly experienced fisherman in certain 
particular cases. The shrimp net, it will be seen, caught 
comparatively few fish over 5 inches long. Considering 
plaice of 8 inches in length, the figure shows that 
about 38 per cent. of the catch of the 4-inch net were of 
this length and over it; 70 per cent. of the catch cf the 
6-inch net were 8 inches and over; and 84 per cent. of 
the catch of the 7-inch net were at and over 8 inches. 


The 6-inch Trawl-Mesh and Regulations 


It has been maintained that the universal employ- 
ment of a trawl-net of 6-inch mesh in shallow waters 
is likely to be detrimental to the fisheries in general. I 
do not think that this is likely to be the case with regard 
to plaice—at least the figures compiled in this Report 
do not seem to me to support the above contention. 
Obviously a narrow-meshed net is likely to be destructive 
only in the shallow waters, and at those times in the year 
when small plaice are so numerous as to form a large 
proportion of all the fish on the ground. On grounds 
such as those off Colwyn, off Great Orme’s Head, and in 
Red Wharf Bay a 6-inch trawl-net is not, in my opinion, 
a wastefully destructive instrument of capture. Even 
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in the in-shoré waters of Barrow Channel, I do not regard 
the destruction of small plaice by the 6-inch net as waste- 
ful. It is only in such an area as that in Rock Channel 
that the 6-inch trawl appears to have taken an undesirable 
proportion of plaice of lengths less than 8 inches. 

But there is evidence that this particular area is an 
over-crowded fishing ground. ‘There are enormous 
numbers of plaice of 5, 6 and 7 inches in length. Even 
in September, when the fish were, on the whole, largest, 
there were only 30 per cent. over 8 inches long in the 
sample catch. Now, plaice of 8 inches or thereabout do 
not migrate out from shallow water. Itis, probably, only 
after they have grown to over this length that they move 
out into the deeper channels, in large numbers at least. 
While they remain in the shallow waters there are so 
many of them that the available stock of food does not 
appear to be sufficient; the condition is below that of 
plaice from most other fishing grounds; and they are 
gradually destroyed by other animals. Thus the figures 
in the tables show that average weight of plaice in Rock 
Channel is significantly less than that on the other 
grounds. I do not lay much stress on the figures for the 
lengths of these plaice in each of the first two complete 
years of their life, but so far as these figures go they 
seem to show that plaice of Age-Group II (over two and 
less than three years old), are smaller in Rock Channel 
than they are on other grounds. In the samples of plaice 
taken from this ground one does not notice a great 
increase in length as the year progresses. The fish remain 
small all the time, for they do not grow quickly, and 
their numbers are continually being added to from the 
nursery area. There are too many of them, and they 
might as well be captured by the fishermen as destroyed 
by their natural enemies. In a certain sense we cannot 
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have too many plaice, if we could put them where they 
would be of use to the industry. It is just the same as 
the case of the small mussels; if we can transplant a fair 
proportion of the latter into grounds where they will grow 
to be big enough to be marketable, then restriction of the 
legal size would be of service to the industry; but if we 
do not transplant them, then (apart from economic 
reasons) there is no reason why the fishermen should not 
be allowed to take them. i we could transplant the 
undersized plaice from such areas as Rock Channel to 
other fishing grounds where they would grow well, 
protection and restriction of the trawl-mesh might be of 
advantage. But as it is, these restrictive regulations 
appear to me to be of doubtful utility. Before one 
advocates restriction of mesh on these grounds he ought 
to be sure that this kind of regulation would result in an 
increase of larger plaice elsewhere. Can we be sure that 
this result would be produced ? 

Even if it were produced; even if restriction of the 
powers of capture within territorial limits were to lead 
to an increase of larger plaice outside territorial limits, 
would one be justified in advocating such restrictive 
legislation ? For it would involve penalising the in-shore 
fishermen possessing only small fishing vessels, or fishing 
by stake-nets, trammels, or “tees,” for the benefit of the 
off-shore fishermen possessing sea-going boats. If the 
public fish supply were to benefit greatly by such legisla- 
tion it might be, on the whole, expedient that a few 
fishermen should suffer for the advantage of the nation; 
but we should like to be quite certain that the benefit 
would be very great compared with the suffering. These, 
however, are economic questions which do not quite come 
within the scope of a strictly scientific report. 

It must not be forgotten that the settlement of the 
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question, for or against a 6-inch mesh, may depend on 
future investigation. If the fish measurements carried 
out during 1909 are repeated, on at least an equally large 
scale in 1914, say, and if there were to be a significant 
decrease in the average and modal sizes of plaice caught 
by means of a 6-inch trawl-net in that year, then the 
whole question will be looked at from quite another 
aspect, and restriction of the powers of capture might be 
conceivably necessary. 


7. SIZES AT SEXUAL MATURITY. 


Mature plaice are commoner in in-shore Lancashire 
waters than snakes are in Iceland, but one cannot say 
much more than this. Of some 2,500 plaice dissected 
in the Liverpool and Piel Laboratory less than 50 were 
identified as sexually mature. Spawning plaice are not 
found in in-shore waters, and nowhere in the whole Irish 
Sea in relative abundance except on the fishing grounds 
about and between the Selker and Bahama Light Vessels. 
Doubtless they exist elsewhere, but in very small 
numbers; and it is quite likely that the majority of the 
young plaice inhabiting the nurseries on the Lancashire 
and Cheshire coasts are spawned to the South-West, in 
the St. George’s Channel and in the large Welsh bays. 
Probably by much the smaller proportion comes from 
the spawning grounds between Cumberland and the North 
end of the Isle of Man. 

In the late summer and autumn large mature plaice 
immigrate for a month or two into shallow waters, and 
such, fish may be taken in Barrow Channel, Morecambe 
Bay, in the Ribble, and off the coasts and in the estuaries 
of North Wales. It is mainly such fish that are handled 
in the samples reaching us. The numbers are too small 
to be treated statistically. 
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It is to be noted, however, that comparatively small 
plaice have been found to be sexually mature. Some 
females of 29°5 to 30°5 cms. (12 inches) were spawning 
fish, and a fairly large proportion of male fish from 25 to 
30 cms. (10-12 inches) long were mature and had fully 
developed testes. This was the most novel part of this 
section of the investigation. We had not previously 
suspected that sexually mature plaice were so small. as 
the above figures indicate. The ages of these male plaice 
were over three and less than four years. The mature 
females were very seldom less than four years old. It 
has been suggested by Kyle that on intensely fished 
grounds the average size of plaice, when they first become 
mature, is becoming less, and this hypothesis is very 
probable. But another reason may well be that we simply 
have not looked for these plaice in former years. 
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TABLES.—SIZES OF PLAICE TAKEN FROM THE SIX-INCH 
TRAWL-NET, AND OTHER Data. 
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Barrow Channel, 1909, 6” trawl-mesh (continued) 


July. August. 
% No. % 
— 7 0-88 

0:86 10 1-27 
= 13 1-65 
2:58 21 2-66 
2°58 28 3:55 
4-31 54 | 6:85 
3°45 51 6:47 
12-93 119 15-10 
12-93 105 13°32 
18-10 99 12-56 
16:38 103 13-07 
10-35 68 8:63 
7:76 60 7-60 
4-31 Hage 2-79 
1-72 13 1-65 
— 9) 1-14 
— 3 0:38 
0-86 Ze 0-25 
0-86 1 0-13 
116 99-98 788 99-95 


October. 

No. os 
1 0:59 
10 5:95 
16 9-52 
21 12-50 
17 10-12 
17 10-12 
13 7:74 
tl 6:55 
12 7-14 
11 6°55 
9 5°35 
8 4:76 
A 4-17 
4 2°38 
4. 2°38 
3 1-78 
3 1-78 
1 0-60 
168 99-98 


November. December. 
No Up No. os 
== os 1 0-57 
4. 1-84 4. Deel 
10 4:61 21 11-93 
40 18-43 28 15-92 
38 17-51 28 15-92 
21 9-68 10 5:68 
22 10-14 22 12-50 
16 Tce 14 7:95 
23 10°59 11 6:25 
1183 5:99 ll 6:25 
9 4-14 | 3:97 
3 1-38 6 3°41 
2 0-92 4 PAVAT| 
i 3°22 4. 2°27 
3 1:38 3 1-70 
3 1-38 1 0:57 
2 0-92 1 0:57 
1 0:46 — — 
D177. 99-96 176 | 100-00 
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Mean 
length. 


10-5 
11-5 
12-5 
13-5 
14-5 
15:5 
16-5 
17-5 
18-5 
19-5 
20-5 
21-5 
22-5 
23°5 
24-5 
25°5 
26-5 


TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY, ~ 


Horse Channel, 1909, 6” trawl-mesh 


June. July. 

No. % 1! Nia % 
al a 1 0-12 
8 1-42 21 2-47 
AA 7-80 26 3-055 
84 14-89 67 7-88 
80 14-18 93 10-93 
86 15-24 103 12-10 
15 13-28 112 13-16 
68 12-05 123 14-46 
53 9-40 105 12-33 
35 6-20 85 10-00 
14 2-48 61 7-16 
8 1-42 20 2-35 
3 0:53 9 1-06 
3 0:53 6 0-70 
1 0-17 4 0-47 
1 0-17 1 0-82 

1 0-17 22 zi 
Oe: wd 2 0-23 
a oat 1 0-12 
om a 1 0-12 
a: = 1 0-12 
a the 2 0-23 
oA ae 1 0-12 
564 99-93 851 | 100-00 


t 


* Part of catch lost through tearing of net. 


August.* 

No. a. 
2 0-14 
17 1-20 
56 3:97 
88 6:24 
122 8-65 
151 10-71 
140 9-92 
138 9-79 
139 9-86 
Ley 8-29 
122 8-65 
104 7:37 
96 6:82 
53 3°76 
31 2-19 
24 1-70 
5 0°35 

3 0-21 
2 0-14 
1410 99-96 


SEA-FISHERIES 


Horse Channel, 


27-5 
28-5 
29-5 
30-5 
31-5 
32:5 
33:5 
34-5 
35-5 
36-5 
37-5 
38-5 
39-5 
40-5 
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1909, 6” trawl-mesh— Continued 


September. October. November. 

No. % No. % No. a 

1 0-09 a 2 le ee 

4 0-39 an ws ies Bi 

5 0-48 a me Es a 
29 2-83 4 1-76 12 3-34 
90 8-79 16 7-05 30 8-35 
99 9-67 30 13-21 48 13-36 
99 9-67 31 13-67 67 18-66 
123 12-01 24 10-57 47 13-09 
118 11-53 28 12-34 37 10-30 
107 10-46 16 7-05 39 10-86 
76 7-42 17 7-49 37 10-30 
15 7:32 13 5-73 13 3-62 
58 5-66 14 6-17 12 3-34 
55 5:37 im 4-84 7 1-95 
30 2-93 6 2-64 2 0:55 
28 2-73 i 3-08 3 0-83 
14 1-36 5 2-20 2 0:55 
5 0-48 2 0:88 2 0:55 
7 0:68 ah = 1 0:28 

1 0-09 s =e ial a 

1 0:09 we = = ee: 

1 0-09 1 0-44 fe ms 

Ss Pi 1 0-44 a SS 

ae Be 1 0-44. ae ae 
1026 100-14 227 100-00 359 =: 99-98 

| 


162 ‘TRANSACTIONS LIVERPOOL BLOLOGICAL 


SOCIETY. 


Near Mersey Bar, 1909, 6” trawl-mesh 


Mean 
Length. 


10-5 
11-5 
12-5 
13-5 
14-5 
15-5 


June. July 
: : See 
Woh Si No. % 
— _- 1 0-42 
1 0-21 1 0-42 
— — 3 1-26 
5 1-07 6 2-52 
is 3°18 15 6-30 
43 9-13 29 12-19 
55 11-67 18 7-56 
59 12-52 34 14-28 
74 15-71 36 15-13 
55 11-67 36 15-13 
43 9-13 25 10-50 
29 6-15 13 5:46 
26 5-52 10 4-20 
14 3-00 5 2-10 
7 1-48 3 1-26 
12 2-55 1 0-42 
9 1-91 1 0-42 
8 1-70 1 0-42 
6 1-27 — a= 
2 0-42 . — — 
3 0-64 -— —- 
2 0-42 = — 
1 0-21 —- — 
1 0-21 -— —- 
1 0-21 — — 
471 99-98 238 99-99 


-—— —----— - -- 


September. 

| No % 
5 1-36 
6 1-63 
16 4:36 
31 8-44 
41 11-17 
49 13-36 
32 8-72 
30 8-17 
28 7:63 
18 4-91 
26 7:09 
18 4-91 
16 4-36 
10 2-72 
8 2-18 
13 3°54 
4 1-09 
5 1-36 
4 1-09 
2 0:55 
2 0-55 
1 0:27 
2 0-55 

| ity 


| 100-01 
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SEA-FISHERIES 


16-66 SECS 
= I 
10-0 z 
20-0 y 
62-0 OL 
LP-0 Gil 
GG-0 FI 
£9-0 9T 
SET GE 
PLT ?P 
CFT ¢ 
OGT 8g 
8¢-] OF 
GO:G ras 
E8-¢ L6 
8¢-F Ill 
69-1, C61 
Z0:F1 Gce 
28-91 9GP 
&3-61 I8P 
96:02 1g¢ 
O€-T gE 
% "ON 
“aq UL9A0 Ny 


96:66 6L¢ 
LI-0 l 
6G-0 & 
98:0 g 
98-0 G 
99-1 6 
8E-1 8 
601 9 
69°6 ST 
L6:E &G 
PLP PG 
Les 81 
FL‘? ¥G 
68:9 LE 
89-41 G8 
&8°EG 8&1 
LI¥G OFT 
G69 & 
P&-0 G 

| ——$—<$<<—— fe 

Yo | ‘ON 
| 
|  daqutegdoeg 


66-66 98 00-001 COL . 66°66 9S 
= = ay = G9-0 I 
— — €1-0 I 9-0 14 

9T1 I 93-0 i = — 

OTT I = == 08-1 j 

6F-S g 60:6 91 06-1 g 

18-¢ G £9-3 0G 06:1 So 

LP-O1 6 8h-G 61 9G-Z v. 

69-TT OT 9€-G 81 OL-L Z1 

FL8 L 70-1 8 F8-E 9 

18-¢ G 8L-0 9 1F-9 Ol 

18-¢ ¢ aa == | Cats G 

83-91 ial 93:0 z 0S-F Ei 

18-6 8 €1-0 I $32 9 

18-¢ G 6-6 LZ 0Z-¢ G 

18°¢ G 6L°S 4 66 00-L il 

1é-6 8 18-1 86 00-6 FI 
ce Se 69-8 Lez | 1¥-9 | OL 
ae a LV-61 6FI L8-61 1g 
aa = 00-F1 LOL | OS-81 IZ 
eee ae G9-0 G 9G-Z F 
7% “ONS 5 ON 0 oN 

“LOW [dy “Youre 


SS eee 


‘YSoul-[Med7 | ‘G06) “eoay Aosaopy 


| 


16:66 | €9¢€ 
60:0 I 
90-0 G 
90-0 G 
PG-0 8 
€E:0 i 
66-0 él 
9F-0 GI 
c8-0 8G 
86:1 GP 
681 09 
LL-T 8¢ 
66:0 O€ 
L8-T 19 
96°T he 
88°% $6 5 
€1-9 ZOZ 
L¥-0G 899 
99:06 | TL9 
96-06 £89 
00-91 1Z¢ 
ee isan 
“ArVn.Aq 2,7 


| 
: 


6-66 LGOG 
G0-0 € 
60:0 I 
rea 0) L 
G-0 Or 
1&0 OT 
T€-0 OT 
69-0 O€ 
L-0 9€ 
8¢-[ O08 
GEE 891 
€6-L OF 
88°1I 109 
6L-SI 0G 
OF-6Z LSFI 
60°&¢ S9OLT 
GS GUL 


“ATER f? 


“"yRqOT, 


SaaS SSS eS ONN NOCIONI SN 


HHADEDBOHNMHOOEDADANMHO 


LO 1 1D 2D LD 10 1D 1D 1 10 10 uD 1 re) te) re) Ne) 1D te) te) te) re) 


UvITK 


164 TRANSACTIONS LIVERPOOL BIOLOGICAL 


Mersey Area, 1909, 4’ trawl-mesh — 


Rook CHANNEL. 


SOCIETY. 


Horse CHANNEL. Mersey Bar. 
Mean | 
Length. August. August. September. August. 
/ | 
| No % No oe No se No % 
= eee ee ees Eee ee —e — ed 
10-5 — — 1 0-07 — == = re 
11-5 — — — — — oo — — 
125 Bl oee 3 | 0-22 9 | 0-77 1_| 0-32 
13°5 26 5°51 14 1-05 30 2-56 12 3°87 
14-5 58 12-28 50 3°78 LZ 9-57 41 13-22 
15-5 97 20-55 101 7-62 178 15-22 44 14-19 
16°5 85 18-01 133 10-07 15h 12-90 49 15-8] 
17-5 71 15-04 135 10-19 lll 9-49 25 8-06 
18-5 47 9-96 150 11-29 78 6-67 21 6-78 
19-5 29 6-14 103 TI7 58 4-95 12 3:87 
20-5 PAS 4-45 116 8:75 65 5:55 32 10-32 
21-5 WB; 2-75 114 8-60 70 5:98 23 7-42 
2276 12 2°55 147 11-09 61 5:21 22 7-09 
23°5 3 0-63 120 9-06 53 | 4-53 10 3:22 
24-5 2 0-42 59 4-45 54 4-61 8 2-58 
25-5 2 0-42 36 2-72 58 4:96 6 1-94 
26:5 1 0-21 15 1-13 30 2-56 — — 
27-5 i 0-21 10 0-75 24 2-05 2 0-64 
28-5 1 0-21 Ze 0-15 14 1-19 == — 
29-5 — — 10 0-75 6 0-51 — — 
30:5 — _ 1 0-07 6 0-51 -— — 
3O1-5 — — ] 0-07 — a | 0-32 
32-5 — —- 2 0-14 1 0-08 i 0-32 
33°5 — —- 1 0-07 me a a “ae 
34:5 — — — —— — — — — 
35-5 — — —— — -— — — — 
36:5 _— — -— — 1 0-08 — — 
37°5 — ~~ —- — --- — —_ — 
38-5 —- _ | 0-07 oe oe a =F 
39:50 1 fe YO I | ie ee Oe 
405 | — | — ~-- Ti pie — 
Total... 472 | 99-97 | 1325 | 99-93 | 1170 iw 99: 6 || a 310 99:97 
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Horse Channel and No. 6 Station, 1909, 7’ trawl-mesh 


September. October. November. 
Mean my fide 
Length. No. OA No. % Noe! | oy, 
10-5 es eS = pas) ea ee 
11-5 aa aes ae as ae 2 
12-5 = — was mae side at, 
13-5 ae = — = a — 
14:5 1 0-08 — = — = 
15-5 2 0-17 1 0-73 i 0-28 
16-5 8 0-69 8 5-88 2 0-57 
17-5 29 2-48 27 19-86 30 8:59 
18-5 54 4-63 29 21-32 68 19-48 
19-5 108 9-25 18 13-23 63 18-05 
20-5 138 11-82 6 4-4] 54 15-47 
21-5 113 9-68 11 8-09 38 10-89 
22-5 15 9-85 6 4-4] 29 8-31 
23-5 119 10-20 5 3-68 24 6-87 
24-5 146 12-51 2 1-46 1 2-00 
25-5 110 9-43 6 4-4] ee 3°15 
26-5 82 7:03 4. 2-94 10 2-86 
27°5 63 ‘540 3 2-19 i 0-28 
28-5 35 3°00 4 2-94 7 2-00 
29-5 17 1-42 3 2-19 2 0-57 
30-5 7 0-60 2 1-46 — — 
31:5 4 0-34 1 0-73 — — 
32°5 11 0-94 — — i 0-28 
33°5 3 0-25 --- —— i 0-28 
34:5 2 0-17 = — — ae 
35-5 — = -- — —- 
36°5 — — os —— = — 
37-5 — — — a -- 
38-5 — — — — — — 
39-5 — —- -- — — 
40-5 — — —— = — — 


Total...) 1167 99-94. 136 99-93 349. -99-938 


166 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


Beaumaris and Conway Bays, 1909, 6” trawl-mesh 


) 


June. July. September. 
Mean 
length. ery 4 ' a 

No se No. 17) ue No 2, 

10:5 a — — — — — 
11-5 — — — — 2 0-12 
12-5 — — 2 0-26 6 0:37 
13-5 a --- 1 0-13 6 0-37 
14-5 — — 3 0-39 i 1-04 
15:5 1 0-67 24 3°16 24 1-47 
16-5 10 6°75 37 4-88 73 4:46 
17-5 16 10-81 87 11-48 104 6-36 
18:5 19 12-83 101 13-32 104 6-36 
19-5 27 18-24 116 15-31 124 7:59 
20:5 18 12-16 93 12-27 107 6-54 
21-5 16 10-81 94 12-40 87 5°32 
22-5 iy 11-48 57 7-52 1f2 6:85 
23-5 | 4:73 43 5:67 122 7-46 
24-5 1 0-67 37 4-88 121 7-40 
25°5 2 1-35 18 2°37 116 7-10 
26-5 2 1-35 a 0-92 123 7-52 
27-5 4 2:70 4 0-53 96 5-87 
28:5 2 1-35 6 0-79 99 6-05 
29-5 2 1-35 6 0-79 53 3:24 
30-5 ~- os 7 0-92 41 2°51 
31-5 — — —- — 33 2°02 
32:5 2 1-35 1 0-13 21 1-28 
33°5 — — 3 0-39 14 0-86 
34:5 1 0-67 + 0-53 10 0-61 
35-5 _ = 2 0-26 6 0-37 
36-5 1 0-67 2 0-26 + 0-24 
37:5 — = — a 4 0-24 
38-5 -~ a= 3 0-39 1 0-06 
39°5 — — — — 1 0-06 
40-5 -= — — -— + 0-24 
Lotal tess. 148 99-94 758 99-95 1635 99-98 
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Beaumaris and Conway Bays, 1909, 6” trawl-mesh— Continued 


October. November. December. 
Mean A 
Length 
No Oe No. oe No oF 
10-5 — — — a — — 
11-5 — = —- ~- —- — 
12-5 i 0:06 = == 1 0-29 
13-5 5 0-29 2 0-14 1 0-29 
14:5 14 0-81 6 0-42 2 0-58 
15-5 27 1-57 28 1:97 4 1-17 
16-5 78 4-53 69 4-87 13 3°80 
17-5 143 8:30 103 7:27 14. 4-09 
18°5 Laz 7:95 102 7-20 13 3°80 
19-5 106 6-15 88 6-21 17 4-97 
20-5 88 5-11 hl 5-43 20 5-85 
21-5 83 4-8] 89 6-28 onl 6-14 
22-5 ro 4-47 75 5-29 25 7-31 
23:5 103 5:98 89 6-28 26 7:60 
24-5 102 5-92 121 8-54 PAT 7-89 
25:5 125 7-25 WH 8-96 25 7-31 
26:5 154 8-94 102 7:20 19 5-56 
27:5 122 7:08 89 6-28 16 4-68 
28-5 115 6-67 8] 5:72 12 3°52 
29-5 93 5:40 54 3°81 13 3°80 
30:5 63 3°65 40 2-82 16 4-68 
31-5 40 2-32 26 1-79 17 4-97 
32-5 19 1-10 20 1-41 11 3°22 
33°5 14 . 0-81 7 0-49 5 1-47 
34:5 6 0°35 3 0-21 2 0-58 
35-5 2 0-12 3 0-21 4. 1-17 
36:5 vs 0-12 6 0-42 5 1-46 
37°5 1 0:06 — — Dy 0-58 
38°5 2 0-12 2 0-14. 4. 1-17 
39°5 ] 0-06 2 0-14 4 1-17 
40-5 — — 6 0:42 3 0-87 
otal .i:.. 1723 100-00 1417 99-92 342 99-99 


168 = TRANSACTIONS LIVERPOOL 


BLOLOGICAL 


SOCLETY, 


Red Wharf Bay, 1909, 6” trawl-mesh 


16-5 


Cr A GA A HM GSU ST SUH SUSU GC 


ay | 


- 


RPWWWWWWWWWWNNNNNW DW bd lo 
SSHDADAEHWHOHDHIDAEYNY—S 


x 


Total... 


Noe 


ee | ro | co | Rolie, Gow eeu us cee ee Gules co oe OF to | | 


July. 

No. % 
1 0-34 
4 1:37 
9 3.09 
16 5-50 
27 9-28 
40 13°74 
42 14-43 
39 | 13-41 
26 8-93 
29 7-56 
14 ik) EA 
12 4-12 
8 2-75 
3 1-03 
2 1-72 
4 1-37 
6 2-06 
4 1:37 
ob TPR 
9b Vigs 
1 0-34 
1 0-34 
1 0:34 
D 0-68 
291 99-94 


August. 

No. % 
1 0-60 
1 0-60 
8 4-76 
8 4-76 
18 10-72 
11 6°55 
25 14-88 
32 19-04 
17 10-12 
17 10-12 
9 534 
7 4-16 
3 1-78 
1 0-60 
3 1-78 
1 0-60 
2 1-20 
1 0-60 
e 2 1-20 
1 0-60 
168 100-01 
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Red Wharf Bay, 1909, 6” trawl-mesh—Continucd 


f 


ge October... November. _. December. 
Mean » ay | 
Leagth. | 
No. % ' No, Ge No. oF 
10-5) re ir = a = aaa == 
11-5: — : —, = = al — 
12-5 —- = = <= Se — 
13-5. ee 0-99 it 0-20 1 0-09 
“14-5: 2 2:70 1 0-20 ql 0-60 
15-5 nies 1-80 6 1-22 23 1-99 
16°5 3 2:70 10 2-04. 61 5-29 
17-5; | 7 6:30 its} 2-65 68 5:90 
18°5 8 7-20 25 5:09 60 5:20 
19-5 6 5:40 32 6-51 51 4-42 
20:5 8) 8-10 43 8°76 46 3:99 
21-5 5 4-50 33 6°72 54. 4-68 
22-5 5 4-50 53 10:79 58 5:03 
23:5 10 9-00 40 8:16 73 6°33 
24-5 6 5:40 46 9:37 81 7:02 
25:5 10 9-00 50 10-20 Ty 6:68 
26°5 1g 9-91 25 5-10 71 6°16 
27-5 3 2:70 26 5:29 66 5:72 
28:5 5 4-50 24 4-90 76 6°59 
29:5 3 2:70 15 3°05 65 5°63 
30:5 5 4-50 1 3°46 49 4-95 
WP St-5 3 2-70 15 3:05 42 3°64 | 
32-5: 3 2:70 5 1-02 49 4-25 
33:5 1 0-90 3 0-61 28 2°43 
34:5 il 0-90 3 0-61 13 1-13 
35:5 — — 2 0-40 13 1-13 
36°5 — a — — iS 0-44 - 
37°5 i! 0-90 — — 4 0:36 
38°5 —- — 3 0-61 2 0-18 
39°5 —- — aes — Ly | 0:09 
40:5 — — oe _- i 9 0-78 
‘uaa lik 99-91 491 100-01 1153 100-00 
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Cardigan Bay, 1909, 6” trawl-mesh 


NEAR PatcHES Buoy. NeEaR New Quay Heap. 
Mean: |" "yn. = l> lial. on ea een 
Length. | Jan. | Feb. | Mar. February. Mar. April. May 
Nor) SNe. UuaNe:.5| SNe. ae, No.0 No. ys No. * 
16-5 — — 1 —_ as 4 3 4-4] 3 0-69 
17°5 — — 2 ee — 1 6 8-82 26 6-05 
18:5 — 4 1 tos — 1 — — 29 6:74 
19-5 — — 1 1 2-5 1 6 8-82 35 8-14 
20:5 — i! 1 2 5-0 2 z 2-94 40 9-30 
21:5 i 1 i} 1 2-5 2 2 2-94 34 7:90 
22-5 1 ee 6 = — a | 10-29 25 5-81 
23°5 3 2 — — — 2 5 7°35 35 8-14 
24-5 1 8 — 8.4 35 ds ll 16-17 24 5:58 
25-5 2 4 4 5 8 ee 15 A 10-29 28 6-51 
26:5 5 7 7 4 10-0 9 6 8-82 46 10-70 
27°5 2 6 5 = == 5 3 4-41 24 5:58 
28:5 6 9 7 4 10-0 i 2 2-94 33 7-67 
29:5 5 10 13 4 10-0 6 2 2-94° 30 6-98 
30:5 5 6 11 25 5:0 8 + 5:88 ll 2-56 
31-5 1 7 12 3 75 4 1 1-47 5 1-16 
32°5 4 7h 8 2 5-0 5 — — 1 0-23 
33°5 2 5 10 = == 2 — — — — 
34:5 1 4 6 4. 10-0 1 — — l 0-23 
35°5 4 3 5 1 2°5 1 — = sie eh 
36:5 2 1 4 1 2-5 3 1 1-47 — — 
37°5 3 2 3 1 2°5 3 — — — = 
38-5 — 2 2 — — 3 --- — — —- 
39°5 1 2 3 1 2°5 — —— = — 
40°5 — — 1 1 2-5 1 — — — — 
41-5 f= — 2 — — — — — — — 
42-5 — — i = a 1 — — — = 
43°5 — = 1 == = — — — — —s 
44-5 — 3 il 1 2-5 — — — — — 
45:5 — 1 3 — — — — —— os 
46:5 1 2* Q** nee — — — — — 
Total...|.°50° | 97 124 40 = 100-0 100 68 99:96 | 430 99-97 


*1 at 52 and 1 at 61. ** 53 and 60. 
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Near New Quay Head 


June. June. 
Mean Mean 
Length. Length 
No % No % 
16-5 5 2-30 28-5 30 13-82 
17-5 8 3°69 29-5 3 1-38 
18-5 14 6-45 30:5 4 1-84 
19-5 18 8-29 31-5 1 0-46 
20-5 27 12-45 32:5 — = 
21-5 23 10-59 33°5 ~~ — 
22:5 19 8-75 34-5 --- — 
23-5 15 6-90 35-5 — — 
24-5 12 5-53 36:5 — — 
25:5 15 6-90 37:5 1 0-46 
26:5 11 5:07 0 |—_—_———|—_ ————| —_—— — 
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Age-Groups, 1909, Bahama Bank 
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| 
sf | * 
See l a he 
l 2 | 3 | 4 Ble 2). es ae 5 
| 
20:5 1 Iyachl Mises | hey S)iw duet epee eee ieee Pee 
CAs ies bere pe 1 |occsccscfeaceacscslacneseencl conven ovaleer coe sed] canna 
DOGO Nie aaat he) Ree Pe ire eee | anh deddl Coicesae ae 
23-5 [ewww eee twee ween l sew eneeee [wwe ewe eee| weer ressleresesves seseseves | ie oe 
BAe ¢ toh. | Aas a RIN | SRY Bi ee | 1 |... Aes 
Diy. aie kee aes A lbecs secede eavenedel ates lve el beewetet elds a7 Remrrcerre 4 
DGB. J\exuscnoneeccee PA eRe eter | riche id ee | pee Pease | Teetane as 
D7 i lsecccae 2 1 1 ‘Jeneejaeval|evvcnnese]ecess>encl anne Res 
8-5) We ove. tenes eae 1 ivi vows coca tiyee. see ee | 13+ oa) senses 
DOB soe 1 l TL |scecccvsellecetooes+[ovacecenel eeu oneal 
SOs Shere eae eae | Ls. heel sc steetl 22a |. 25 A eae 
SU sade seks Laces Licks sell gael. eae 1 lisse 
ys Se Pane aee Papert Rian ord Peet ny tiene io pag 1 --|>ccee 
See een i ae en Beane ase 1 1 | 1 e4.[..02...sc seneinla ne 
Babe ot GSS bare he aS he ve ieee We eee nee cae |. ..ssvs 2 feoeuiie oe 
shite NDP? PACE tehae ate 1 he, PRS Fee | naive ne Pass 
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Age-Groups, 1909, Firth of Clyde, near Corsewall Point 
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955 Ue 1 dee. Bie ee Br oe |e eee Fee 
DA asit he | ea ee | Oo ee pated G. Hake 1 | aco | ccsiedl eset 
ee ee 1a aerrec rece Conan oes eet eee ee ees ee 
re a ie Ceres Rca Rs a Rie Bee Roe acl eee |..+-+-|-+e<0e] nee 
Py Ems pot Doe ie Salar ral Seat ote ieee eee |. <a cetteleeeee 
ORG a oleae pain a Ba a |e RS 2 |..essfubudvel semen 
re ge He: Lae ag Ra, Dares | op amen Bae: 2| 1| 27 
BOD leaves Bai eae et | ee eA eae eerie 1 |...s01| sonnel oe 
ri cae PO eens ae RSD Se 1a ia 1| 3) 1 lee 
BOB [vseece[snentn|seeona| oncenal uum ee femwaal ane ses rere ree” Le 1 | Tiwana 
OC eae Cera Pome Ma Bee hes Pern ach Jesseee]esesed oT. |essouslsanensl aaa an 
6 ee —— || | eee 

1 ey) OD i | a Bod [8] ae 
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Age-Groups, Barrow Channel, 1909 
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Age Groups, Barrow Channel. 


July. October. 
Mean 
Length. cS he USS ae ms | Es 
| 
1} 2):3) 1) 2) 330192! 3) 
10-5 a ecxctkeece| Rac clucteel aces ese eee |. .eec scones aaeene aaa 
LEB | cscucslevecpel seeeee]ecoone| nenwoclowmacu] Genes] Yo0y sl sx tet] aaa inn 
1D | escccclecceenl cveseoledeasleawvee|sovacdl -evicslewsnesl+ one dtlegennl nnn 
UBB | oecucibsece cal cceeoslosvoesl veorechecceoe|+aaeon|e1otcel-co nue heen nnn 
1B cal cele owdl aoce cle ew | aoe eat ieee ees |. ococleconsel (naan 
15:5 2 Ro oa Ween eeces be eee ee 1‘ eee 
16-5 7 se: Sts lear (fee 4! egleaee 
ily ston anaes ea aes Libis sare Bey... 8 || cseatleons 
18-5 alae. ke eee lle <a Lig Dilla aeaad ie See i eae T has cc geleeaee 
15) ne HW be, tae kel on debed| eee Bie, d's) Lee 4|\ Bae 
20-5 ae ANE AN Soe Dl seed Mae 6 |. 6 |..47 ae 
OP hen LOH evedlowenes meet iy ee 3 2s 
CEN Be! a lo | ee |. Gide Al tener Bi | eos eae G"laaee 
72 ctiee |i G1) [Aa eal Seale We 2 it beet Li): ie 
DA oe Waa Lena ll ochoee) 2 Tale ee 3.13. Sane 
DSc Cae SL | eee Dl ocala 3 | loss thee bila 
26-5 cio dleiateliciate.@ Wisin 6 ve e.cleeee mele oe 'v.e el (sw Siele el ainiaielniy 4 ecccccleccces 4 eences 
DS i leaae (1 I hea | hae 1 Lae 5 | asc pape 
BRB) | seoucll nak tlate acd lace nscleee cet seeeeel arene 2)... 1a 
DO-5 VW ekusllet ae eave etee act cecesl eee eee Dee pa emeet 
SB bescu ctl geenaill otal. o-as lv cesar |e eel eee [eee 9 ae ie he, 2. 
31:5 cece celecnCealw cece] coc sce) aneewe| pense) «eae bie) en@ «nie | eccceslescvecs|acvusenleave bee 
R965 on ydhurtacd peso Nes cae loc lla nee ee 2|. ia Y cone 
Total... 7|44| 41 41361 2) 33] 47 | 3?) saaseaeeee 
Duddon Banks, 1909. Near Nelson Buoy, 1909 
March June. 
{ 
Mean g | $ eed 3 ? 
Length | | 
Life 24 Sy | 2} 3).11 21 3 | 300s 
ee ee 
LG eee omeeleeaes pen |. eecclecdces|svaceslacscce[ies»btlaseea ian 
1 a ee A, A ey anes Ferree Pane Sera | siveccelsuccablocces die nwine mn 
VOB: Ned setedlerusad Pecos |. catesleeweed|oetes | vecoes/ooveesteseeenleeeetn aan 
es ame Peal eee PR ee | sesees|orceec{eceseu| eos oo] ars ees] aes nn 
14-5 Bie nie eects eee lee ae 1 |...3 ee 
15:5 ee zie eine eo ee eee 3.| 2a 
16-5 Ble chicos! Gi A eee Sa oka gece 1 | eee 
17-5 Sens se BH Vee SS Pa 1: | eee 
te 10) doe Phe 16 ee 91| 2) 2) 
19°5 pe ieee oat ee nas Ws roa 33 | Sila Ee are 
D0 oteeaes Pa Sy 1: ee 1 Vie Bmore 113: lee 1b 8 
Die Aes [me Te cat ea et ee 9 Oueie 92) 3 
Pre Te Babee) Mena di jer Mts Ips dle 10)|: 2 ae 5 ee 
98-5. Nats eat PY2: eee, ol, aaeeee Eleenere ere ee 4] 4 
F4-5° “ili, col vac cutadvt Geomeetiky seme T iccn bee l | cess eee I 
Sie” Hoa ed oh ee emer in a ME oo ets dello tae 
26a) Vas. leon pereen peren eeceen peck eee Nsaseea|esssesleceeneleneens 1 
Total... 33 | 40| 4 20 35/ 5| 8| 95 | 12 | 
ee See aT a a a AIA, 
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Age-Groups, Rock Channel, 1909 


February. 


Total... 37 | 5 
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June. 
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November. 


176 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


Age-Groups, Fleetwood Channel, 1909 


February. 
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Age-Groups, Beaumaris Bay and Red Wharf Bay 


September. 


Age-Groups, Beaumaris Bay and Red Wharf Bay—Continwed 


Total... 


178 


- December. 
November. (Red Wharf Bay.) 
3 ? 3 2 

1; 2) 3) 4) 1) 2) 3] 4) DL) 2) 3) 4) see 
Weed cecilia en eens L | ..csee|occsasfeccend|sonecel cassan| ous nas] «oe au] ssa] anne ian 

Hy eaaes dleeeee a cctees Di tivieatiiace4|Saecns 2 avesd) cases] «os end ae 1 | .<tstna) op eee ae 

2 Ny earl trues Hameeee wd Pee We Bese pease te All Bie Bagacevisoaees 1 | ..0002) Sivan al age a) ee 
pean sleet) ewe salt taceres Z |evcccolesecesfecssest 2 | DL ficc..-]seeseelt 0) et 
rene D | ereeceleosece|cvenes[ecusecloceccslavecca{ocncoel  D j[aswore|sons eel aemayat ian tits 

Pd Oy AU Ee oa le seinct: 7 Bese Bee at a cy Wi 1 das] onde 3 | psosed|eca sen eae 
eee Li[occcssleseseclececse] BD [ecucesfecesec] tL | Bi Jececnc]eeesnd) ames] meet Rem 
Pee Henican el somes k[ceeee hates E Mee peererereerrermiberrer err 
dnteoel Beabreelieebe | aon ee I aaecee GB |..ccsfecsceclecssne] oD [ecorcolooscoe] ammene}) Muka] tan 
seed DZ juceccsleccecefecccee| LD |icceccbescccefesesen| 2 | > Li]... 0) cnggel aeen 
daelentlepese alesis <t| dtaeaklana ee yale ae Perere Perec ipereer ee 
asta e Li] LL [ecceesdesecce] DL |... ..fecececleesese/onnena] - Ly |.s0 005] eee eines sans 
Boca a: dea L |occecsleceese| 2] B |eccccclecsoss| A |oaecan|aese na) meslene sittin a 
SeePE El aceuct|awasea|sewoebinespeultecancs|aeeeee| aeamen eaemem L | 1 |....-sfeecech] 2 er 
ables eles Set ccceol| eosies el nee ie ie merrier tren reefer 
Be. 5 anon Pee ete ices is cas errics Gemcs aca iasc o> 2 |.coces[ecesen|snenes] | ay en antn 
ote 344 SANS Bigoeeeseea[oos4- |e pees pereer preeerprrees peers ee 
Sees blicwogvel occ cepa oes sh] cue pieb| ewes ciel Soule e| veces) Seem re emeeE 2 |.cesec]enswes|ocenne] | Ae scnaae 
F308 ese eaeeee pee adieas gs jc 1 |... sce) eceeee| ocean] os ecee| vesese] sagan Mien enema 
sade Phe ol sinciuae | eueast (acess Mleoe asl eObac@t ao nein |e eee eae ee ee tee 1 | se ssb] encanta 
PSN Rien lonored orig dtaneas ca eeartc - L|..cccslecoess| 1 ).,0000]scnenehan ean an 
mrescb]acaccihesndealacases|saamels|ceese's| veos cehecenstlatellett | piece) C6 hast sus st iti——————n 1 

Sil Bele 9/19| 6] 1] 7| 21] 9| 2) 2a 
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} Modal Lengths in Centimetres of Plaice captured by a 
6” trawl-mesh, 1909 


= ce) nD Ce S 
we) e) aK; 
Ble ijedisel3_| 3] lf 12 lé |e 
peipee ef |S /4e),.e8 | ud |S Ser apes 
See ee eal ee | sh | shales | Be ee | 8s 
4 ARM |A8O |/HO | 428 | Ho | eo | 4h |e | en | ao 
Jan ae gl7-6 ah ba am as 2% aE a eee we 
- |(23-5) | 
| (26:8) 
Feb. a= Ser aly poy es ar es eee fst Spans; 
(22) |(23-2) 
Mar. | 18-4 | 17-8 | 18-4 | 16-8 — | 166 at a as |b26:6 
q (22:6) (37-4) 
7 April | 19-4 | 17-6 = an meme ied: ss ae Be) Le 
(30-9) 
May | 19-7 | 18-5 Lh O16 ee TO wk me ee 20275 
| (27-1) 
: June '} — | 20-3 | 19-5 | 19-9 | 18:3 | 16-6 | 19:5 | 20-7 | 19-2 a 
(21-0) 
| July Eee) 21-6 | 21-3 | 20-8 | 17-2 | 20-8 | 20:0 | 20-7 = 
Aug. eg) | 29-0) | 18-2 | 19-3 a ba ey 22-5 pias 
Sept, | == my 99-9" | 17-8 | 21-5 | 19-1} 17-9 | 18-9 = = 
(27-6) 
Oct. 19-8) )19:0.' — {20-0 | 18-0 ae 18-40 9:2 weed 
(18-9) (26-0) |(25-4) 
(28-1) 
Nov. | 19-5 a on — | 20-0 bos SO GORE) = 
(27-8) (26-1) 
Dec. = | 18-6 = —_ = = — | 24-8 | 18-2 = 
: (31-6) |(26-8) 


Values of the ees vere Coefficient k, 1909 


Reeds, 
4 ae 
* 
mM 
¢ xo jee 6 Sa a S 
Meee (Ee let ie. |He 1a jad | 8 
Be ee | bE | ee SS | es | ee | Be | Bs 
; Pos ce pet ie Os HD ® ee | U8 oS 
* AR |MO] RO }4A 140 | AA | Aanm | OM 
PAWUALY <i seccecse. — | 0-923 | 0-865| — | 0-866) — ad a 
Hebruaty § ....:.... — | U-987 | 1-00 — |0-765| — |0-:973; — 
0-931 0-912 
UAEOIL cacae sens aceees 0-924 | 0-968 | 0-897; — | 0-884; — | 0-672; — 
1-00 
PAULO c's ssi osseseess 1:09 | 0-981; — — |0-917| — = = 
LLCS? sO ae — | 1:00 _ — | 1-02 — — | 0-977 
Oe ae — | 1-16 — | 0-943} 1-00 | 1:06 = —_ 
1:10 | 1-09 
0-949; — | 
Lip 2 SEU AWTEG An A Sis AR A ae keto esc a 
1:16 
PROMS U ais s nsceveese — | 1°20t; — — | 1:03 = a aa 
1-08 
September ......... — |1407¢; — — | 0-966} 1-06 — — 
q DIUODEL) 2.00.42... — | 1-00 — — | 1-01 ~~ — — 
November ......... —- —— — — | 1-03 | 1-06 — _- 
1-05 
December ......... — — = = — | 1-01 —- = 
0:965 


) * Includes Red Wharf Bay. t Interpolated valance 
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Modal Lengths of Plaice of Age-Groups I and II, 1909. 


Locality Barrow Channel. | Duddon Banks. | Near Nelson Buoy. _ 
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Plaice, Age-Group II, Male. Catch of 44 from Barrow 


Channel, 12 July, 1909. 


Mean length| Frequency | Frequency n eviation Theoretical 
in cents. (observed). | (smoothed). rom mode. frequency. 
o 
17-5 1 1 a ee 
18-5 4 4. 1-29 3-29 
19-5 ie 5 0:86 5:23 
20°5 4 zi 0-43 6:9 
21:5 10 13 — 7-58 
22:5 8 8 0-43 6:9 
23°5 6 5 0-86 5°23 
24-5 1 3 1-29 3°29 
25-5 2 1 1-72 17 / 
26-5 — 1 2-15 0-65 
27°35 1 1 2-58 0-26 
Standard deviation = o = 2°82. 
Mode = 21°9 (taken as 21°5). 
> errors? = 238°1. 
: : nN 
Maximum ordinate —____-. = 7°58. 


o/ Wr 


Length-Frequencies, Group II; Males; Nelson Buoy, June 
1909. Comparison with Normal Curve of Error. 


Mean length Smoothed Deviation Theoretical 
cee pt amency. frequency. | ‘rom mode. frequency. 
oO 
15-5 1 1 2-4 Seeae vit 
16-5 3 4 1-8 4-48 
17-5 8 10-7 1-2 11-01 
18-5 21 20-7 0-62 18-69 
19-5 33 21-7 os 22-66 
20-5 11 17 0-62 18-69 
21°5 7 9-3 1-2 11-01 
22°5 10 6 1°8 4°48 
23°5 1 1 2°4 1:26 
No. of observations = n = 91°4. 
Arithmetic average = 19°52. 
Empirical mode = 19°5. 
Me Po CD ea 
Standard deviation = Af 5 a aa 61. 


Sum of errors squared, > 5? = 2885. 


n 
Maximum frequency Le = 22°66. 
Tv 
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Length-Frequencies, Group II, Females; Nelson Buoy, 
June 1909. Comparison with Normal Curve of Error. 


Mean length Smoothed Deviation Theoretical 
in none Frequency. frequency. from mode. frequency. 
. Gi 

15-5 2 2 2-4 1-08 
16-5 6 6 1-9 3°17 
17-5 10 9 1-4 7-26 
18-5 ll 14-7 0-99 11-85 
19-5 23 16:3 0:5 17-08 
20-5 15 20 — 19-37 
21-5 22 14 0:5 17-08 
22-5 +) 10-3 0-99 11-85 
23°5 4: 3 1-4 7:26 
24-5 — 1-7 » 1-9 3°17 
25°5 1 1 2-4 1-08 


n = no. of observations = 98. 
Arithmetic average = 20°03. 
Empirical mode = 205. 

> 6? = Sum of errors squared = 409°88. 
|S 8 


it 


= 20 


Standard deviation, o, = 


n 


Maximum frequency = oan. 19°37. 
aa 
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Measurements of 200 Plaice hatched at Port Erin on 26 April, 
1906, and examined on 27 May, 1907. 


curve of error. 


Limits Actual 
of Distance from Nos. x! f(x) xN 
Length mode in between| — f(x) (caleu- 
in inches limits. c lated 
inches. x! ii Nos.) 
14 to 14 | —1-375 to 1-125 2 —1-72 | 0-493) 0-017 3°12 
14 ,, 1¢ | —1-125 ,, 0-875 1 —1-4 476) 6-9 
| 0-038 
12 ,, 2 —1-875 ,, 0:625 20 —1-09 | 0-438 13-9 
| 0-076 
2 », 2¢ | —0:625 ,, 0-375 | 26 —0:77 | 0-362. 21-16 
0-115 
21 ,, 24. | —0-375 ,, 0-125 29 —0-47 oe 28-8 
| 0-157 
—0-16 | 0-090 
24 ,, 22 | —0-125 ,,40-125| 37 } 0-180 | 33-1 
(+016 | 0-090 
| 0-157 
7 ae) +0:125 ,, 0-375 25 +0-47 | 0:247 \ 28°8 
0-115 
3 ., 34 | +0-375 ,, 0-625 | 24 +0-77 | 0-362 21-16 
0-076 
31 ,, 34 | +0-625 ,, 0875 | 12 | +1-09| 0-438! 13-9 
0:03 
34 ,, 32 | +0-875 ,, 1-125 4 +1-4 oe 6-9 
0-0 
32 ,, 4 +1-125 ,, 1-375 4. +1-72 oe 3:12 
4 ,, 44 — 8 De ees edt f 
: N = 184 (the part of the series 
44», 43 1" 4 above 3 to 4 being neglected). 
43 ,, 43 = 1 Standard deviation = 
4 2 5 ie; as 2 
ae? pape |S (o'7) — 0°505 
5 5, Of . = N ] 
Bz >, OF iw : Modulus = ¢ = V2.0 = 0°712. 
52 OF ti 1 | Mode is at 2°625 inches. 
6 
f (a) is—_— | e—*”.dz, the equation for the integral 
T O 


Values are tabulated in Bowley’s Hlements 


of Statistics, ed. 2, 1902, p. 281. 
f (a) xN are the nos. of fish on the algebraic curve 
occurring between the limits in Column I. 
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Partial Catches Measured Twice. 


A: On board S§S.S. ‘“‘ James Fletcher ”’ when alive. 
B: At Liverpool Laboratory about 24 hours later. 


Nos. at and above each centimetre in length. 


Conway Bay Conway Bay Conway Bay Conway Bay 


27.11.09 17.11.09 22.9.09 23.7.09 

A B A B A B A B 
14-5 101 101 | 202 | 202 
15-5 5 51 51 51 99 99 | 201 | 200 
16-5 50 49 49 98 97 | 192 | 194 
17-5 47 44 48 46 89 89 | 183] anes 
18-5 43 42 44 40 80 82 | 148) ] igo 
19-5 42 4] 39 38 68 68 | 120 | 17 
20-5 40 38 36 36 59 60 92 91 
21-5 38 36 32 3] 52 52 71 72 
22-5 36 33 29 27 49 48 49 53 
23-5 32 32 26 26 40 42 37 38 
24-5 31 30 23 20 35 35 24 25 
25-5 26 23 19 17 33 33 16 16 
26-5 21 17 16 14 28 30 13 13 
27-5 16 14 14 11 27 28 
28-5 13 ll 10 23 23 ll ll 
29-5 1 7 5 5 16 16 10 10 
30-5 7 5 15 15 9 9 
31-5 3 3 ll il 6 
32-5 3 3 8 . 6 
33:5 2 2 2 4 5 b 5 
34-5 3 4 
35-5 1 2 3 3 3 
36-5 1 he om 2 2 
37-5 1 
38-5 
39-5 1 l | 
40:5 Lh 
Total 51 51 Biel) st 101 101 | 202 | 202 
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THE HYDROGRAPHIC WORK IN THE IRISH 
SEA DURING 1909: A POSSIBLE BEARING 
ON METEOROLOGICAL WORK. 


By Henry Bassett, Jun., D.Sc. Ph.D., Assistant 
Lecturer in Chemistry in the University of Liverpool. 


The hydrographic work carried out by us in the 
Irish Sea during 1909 has followed the lines indicated at 
the end of last year’s report.* Quarterly observations at 
- the 15 stations indicated on the chart (p. 186) have been 
made, while additional observations at stations 1 to 7 
were made half-way between the quarterly cruises, the 
samples, as usual, having been collected by my colleague, 
Mr. J. Johnstone, B.Sc. 

In the tables which follow, T°, Cl°/,., S °/5., and o, 
have the usual meanings. 

A discussion of the results, which seem to be of 
unusual interest, 1s given after the tables. 


Jan. 25 to 29, 1909. | 
Station I. 25/1/09 (2.25 p.m.). 904° N.; 3° 30! W. 
Depth of station, 29°3 metres. 


Depth (metres) AM Cheon Bivins | Ot 


0 5-2 18-03 32:57 25-75 
25 5:2 18-03 32-57 25:57 


Station II. 25/1/09 (3.25 pm.). 54° N.; 3° 47! W. 


Depth (metres) ee LEI pe Saad ot 


0 5-8 | 18-29 33-04 26-06 


*Trans. Biol. Soc. of Liverpool, Vol. XXIII., p. 146 (1909); also 
Lancashire Sea Fisheries Laboratory Report, No. 17, p. 44 (1909). 
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Fig. 21. Hydrographic Stations during 1909. 
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Station III. 25/1/09 (4.25 p.m.). 54° N.; 4° 4’ W. 


fefe) Ot 


Depth (metres) lag Chai | Se7/ 


0 6-4 18-52 33°46 26-30 


Station IV. 29/1/09 (5.10 pm.). 54° N.; 4° 20’ W. 
Depth of station, 47°6 metres. 


Depth (metres) se Chine Sick. ot 
0 77 18-73 33-84 26-43 
45 7-6 18-72 33-82 26-44 


Station V. 27/1/09 (11.30 a.m.). 53° 53’ N.; 4° 46’ W. 
Depth of station, 100°7 metres. 


Depth (metres) i Cheiee Sis. ot 
axe) 8-3 18-74 33°86 26-35 

50 8-15 — — — 
100 8-2 18-74 33:86 26°36 


The samples for Station V were actually collected 
from a point about one mile W. of the correct position 
(given above). 


eiamom VI. 27/1/09 (10.25 am.). . 53° 43’ N.; 
4° 44’ W. Depth of station, 60°4 metres. 


Depth (metres) a? Cla ee S Liss Ct 
0 8-4 18-78 33-93 26-39 
25 8-3 


58 8:3 18-77 33°91 26-39 
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Station VIT. 27/1/09 (9.25 am.). 53° 33’ N.; 
4° 41’ W. Depth of station, 53°1 metres. 


Depth (metres) te CLP ee sts Aen ot 
0 8-15 18-81 33-98 26-48 

25 8-1 — — — 
50 8-1 18-79 33-95 26-46 


Station VIII. 26/1/09 (12.20 pm.). 54° 4 N.; 
3° 28’ W. Depth of station, 29°3 metres. 


i OL 9/ a mae | or: 


Depth (metres) 
0 5:3 18-05 32-61 25-77 
25 5-2 18-05 32°61 25-78 

| 


Only surface observations were taken at the following 


stations :— 


Station. Date and Time. T° |Cl°/.o 5 teat aes 


IX. 54°9’N.; 3°44’ W. | 26.1.09(11.30 a.m.) | 5-9 | 18-46 | 33-35 | 26-29 
Me Se Ns Ae OW: 26.1.09 (10.40 a.m.) | 6-0 | 18-55 | 33-51 | 26-41 
XI. 53°54'N.; 3°59’ W. | 29.1.09 (9.45 a.m.) 6-8 | 18-71 | 33-80 | 26-52 
XII. 53° 47’ N.; 3°45’ W. | 29.1.09 (10.45 a.m.) | 6-1 | 18-51 | 33-44 | 26-33 


Station XIII. 29/1/09 (11.45 a.m.). 53° 39/ Nu; 
3° 30’ W. Depth of station, 29°3 metres. 


Depth (metres) fi Chan a faa ot 
0 ia 5-65 18-33 33-12 26-13 
26 5:5 18-33 33-12 26-14 


Station XIV. 26/1/09 (5.30 p.m.). 53°30’ N.; 4° 1) W. 


Depth (metres) bg 0 tis i ae ot 


0 (Gs) 18-83 34-02 26-60 
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March 19 to 21, 1909. 


Station I. 19/3/09 (11.10 a.m.). 54° N.; 3° 30’ W. 
Depth of station, 25°6 metres. 


Depth (metres) Ne Clee. Saas Ct 
0 4-95 18-32 33-10 26-19 
24 AT — — — 


Station II. 19/3/09 (12 noon). 64° N.; 3° 47’ W. 
Depth of station, 42°1 metres. 


Depth (metres) Le Ce RS ere ot 
0 5:5 18-48 33°39 26-38 
40 5-2 -- —- — 


Station III. 19/3/09 (1 p.m.). 54° INAS | EWN 
Depth of station, 42°1 metres. 


Depth (metres) i Clie Sng Ae Ot 
0 5-85 18-64 33-68 26-56 
40 5-65 —_— — 


Station IV. 19/3/09 (2 pm.). 54° N.; 4° 20’ W. 
Depth of station, 49 metres. 


Depth (metres) ae Cree See oa 


0 5-75 18-65 33°69 26-57 
47 5:5 — — — 
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Station V. 19/3/09 (3.50 p.m.). 53° 53’ N.; 4° 46’ W. 


Depth of station, 65°9 metres. 


Depth (metres) a Ch ise BS r/a5 ot 
0 6-6 18-78 33-93 26-65 

35 6-5 — — 
63 6-55 18-78 33-93 26-65 


Station VI. 19/3/09 (4.55 pm.). 53° 43! N.; 
4° 44’! W. Depth of station, 54°9 metres. 


Depth (metres) 4 bie OF dine he pe ot 
0 6-7 18-81 33-98 26-68 

25 6-47 = — oo 
52 6-45 18-81 33:98 | 26-71 


Station VII. 19/3/09 (5.50 p.m.). 638° 33! N.; 
4° 41’ W. Depth of station, 56°7 metres. 


Depth (metres) 1s Clas Sei e ot 
0 6-3 18-81 33-98 26-74 

25 6-15 — — — 
55 6-15 18-82 34-00 26-76 


Temperature observations alone were made at 
stations VIII to XIV. 

For the rest of the year the lne of soundings 
Nos. XI to XIV was slightly altered so as to run from 
the Calf of Man to the Liverpool North West Lightship. 


May 17-to 19, 1909. 
Station I. 17/5/09 (11.30 a.m.). 54° N.; 3° a0" W: 
Depth of station, 27°4 metres. 


Depth (metres) a (oes ia oe ot 
0 | 10-35 18-16 32-81 25-21 
25 8-85 18-17 32°83 25-47 
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| Station IT. 17/5/09 (12.30 p.m.). 54° N.; 3° 47’ W. 
Depth of station, 38°5 metres. 


Depth (metres) A Cho Sharer ot 
0 10-05 18-34 33:13 25-52 
35 8-35 —- — — 


Station IIT. 17/5/09 (1.25 p.m.). 54° N.; 4° 4’ W. 
Depth of station, 42°1 metres. 


Depth (metres)) ~§ T° Cy Sen Ot 
0 8-9 18-65 33°69 26-13 
38 8-55 “— —— _ 


Station IV. 17/5/09 (2.20 p.m.). 54° N.; 4° 20/ W. 
Depth of station, 51°2 metres. 


Depth (metres) 1M Clee Sig oe Ot 
0 8-9 18-85 34-05 26-41 
49 8-65 18-86 34-07 26-48 


Station V. 18/5/09 (8.25 a.m.). 53° 53’ N.; 4° 46’ W. 
Depth of station, 100°1 metres. 


| | 
Depth (metres) di Olay dee aes ‘a Ot 
0 8:53 18-93 Resa 20 26-59 
10 8-42 — 
50 8-42 — 
100 8-42 18-93 54. 20 as 26-4 61 
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Station VI. 18/5/09 (9.30 am.). 53° 438/ N.; 


4° 44’ W. Depth of station, 63°5 metres. 
| 
Depth (metres)| fs Fe. 8: Serco Bas | Ct 
0 8-5 18-94 34.22 | 26-60 
10 8:3 — — | — 
30 8:3 — — — 
63 8:3 18-94 34-22 26-63 


Station VII. 18/5/09 (10.25 am.). 453° 33’ Ni 
4° 41' W. Depth of station, 82°4 metres. 
Beas (metres) | Bi ly Oe. | § ae ot 
( 8-7 ar | deel 18-90 34-14 26-59 
10 S36: SLA ae ie ie 
30 8-6 | — 
80 8-45 18- 8-90 | 34-1 14 26-56 


Only surface observations were taken at the following 


stations :— 

Station. Date and Time. ‘T° > fol ff | Soo | et 
VIII. 54° 4’ N.; 3°28’ W. | 19.5.09 (10.50a.m.) |9-3 | 18-29 | 33-04 | 25-56 
IX. 54°9’N.; 3°44’ W. | 19.5.09 (9.55 a.m.) 9.05! 18-30 | 33-06 | 25-62 
K. 54°12’N.; 4° W. | 19.5.09 (8.55 a.m.) | 8.95] 18.31 | 33-08 | 25-64 

| | 

Station XI. 18/5/09 (6.45 pm.). 63° 56’ N.; 

4° 31’ W. Depth of station, 58°6 metres. 
Depth (metres) 31 Rs Dae | ot 
0) 8-80 | 18-87 34:09 26-46 
55 8:75 - — oe 
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Station XII. 18/5/09 (5.30 p.m.). 53° 48’ N.; 
4° 11’ W. Depth of station, 47°6 metres. 


| 
Depth (metres) = T° Che) Bf oa 


0 8:83 18-77 33-91 96-31 
43 8-65 = oe BBs 


_ Station XIII. 18/5/09 (4.25 p.m.). 53° 41’ N.; 
3° 51’! W. Depth of station, 42°1 metres. 


Depth (metres) Me CNe) Si) Ct 
0 gol 18-48 33°39 25-87 
40 8-7 _ — _ 


Pravion XIV. 18/5/09 (8.10 p.m.). 63° 3 N_; 
3° 31’ W. Depth of station, 31:1 metres. 


- Depth (metres) T° Chey. Sig ae ot 
0 9:5.) 18-19 32°86 25:39 
30 ool 138-22 32°92 25-50 


Station XV. 18/5/09 (1.10 pm.). 53° 26’ N.; 
4° 6 W. | 


Depth (metres) Ms Cee. Say ae | Ct 


0 9.3 18-57 33.55 | 25-96 


June 1% to 18, 1909. 
Sronon | 14/6/09 (1 p.m.j. 54°.N.; 3° 30’ W. 
Depth of station, 27°5 metres. 


Depth (metres) erat ly ee aye ot 
0 12-4 18-27 33-01 24-99 
24 10-7 — a | Pus 
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Station IT. 14/6/09 (2 p.m.). 54° N.; 3° 47 W. 
Depth of station, 38° 4 metres. 


Depth (metres) a? Cl oe “oy ot 
0 LA fakes 18-41 33-26 25-16 
35 10-65 | a is IN 
| | 


Station ITT. 14/6, (09 (3 p.m.). 54° N.; 4° 4! W. 
Depth of station, 43: 9 metres. 


| 
Depth (metres) lis | Os. See | Ct 
0 | 1383, | 18-30 33-06 24-85 
40 105 ous a es 


ASeation IV. 14/6/09 (4 p.m.). 54° N.; 4° 20’ W. 
Depth of station, 49: 4 metres. 


Depth (metres) aS Cle. 2 ae ot 
0 11-73 18-85 34-05 25-92 
46 10-65 — -- — 


Station V. 14/6/09 (5.40 p. ce 53° 53! N.; 4° 46’ W. 
Depth of station, 69 "5 metres. 


Depth (metres) ine Chris, | Sines Ct 


lg 10-62 18:90! | (34-14 26-20 
30 10-00 = | = = 
65 10-00 18:89 | 3413 26-29 


Station VI. 14/6/09 (6.50 p.m.). 53° 43’ N.; 
4° 44’ W. Depth of station, 69°5 metres. 


Depth eta die | Gris. hae aa | ot 
O. tye ce 18-95 34-23 3423 | 26-36 
30 | 9-85 ae 
65 mew 18-95 34.23 | 26-41 


— 
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Station VII. 14/6/09 (7.55 p.m.). 53° 33/ N.; 
4° 41’ W. Depth of station, 65°9 metres. 
Depth (metres) LS oa ae Sie Ct 
0 10-42 18-95 34-23 26-29 
30 10-25 — zee ‘ais 
62 10-25 18-94 34-22 26-31 


Two sets of isemeatlons pene made a the June trip 
in the deep water off the Mull of Galloway. 


64° 34’ 30” N.; 5° W. 16/6/09 (10.40-11 a.m.). Depth 


of station, 256°2 metres. 


Depth (metres) ie Che Sitio we 
0 9-45 18-78 33°93 26-22 
50 9-10 18:79 33°95 26-30 
100 8°67 18-81 33°98 26-36 
220 8-75 18-81 33°98 26-39 
= 54° 50’ N.; 5° 19’ W. 16/6/09 (1.45-2 p.m.). Depth 
of station, 245°2 metres. 
Depth (metres) Ie (Og ae Sees ot 
0 9-35 | 18-79 33-95 26-26 
50 8-61 18-79 33°95 26:38 
100 8-55 18-79 33°95 26-39 
230 oO 18-79 33°95 26-40 
July 26 to 28, 1909. 
erent. §26/7/09: (2 p.m.). .54°-N.; 3°. 30) |W. 
Depth of station, 23'S metres. 
Depth (metres) fs Cl eia Shee Ct 
0 14-73 18-19 32:86 24-40 
23 14-60 18-19 32°86 24-43 
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Station IT. 26/7/09 (3 pm.). 54° N.; 3° 47 W. 
Depth of station, 34°8 metres. 


Depth (metres) di Cs. St ot 
0 | 13-87 18-52 33-46 25.03 


30 | 13-6 — ee ee 


Station ITI. 26/7/09 (4 p.m.). 54° N.; 4° 4’ W. 
Depth of station, 45°8 metres. 


Depth (metres) ie ay fame = fae ot 
0 13-65 18-58 33°57 25-16 
40 13-15 — — _- 


Station IV. 26/7/09 (5 pm.) 54° N.; 4° 20’ W. 
Depth of station, 43°9 metres. 


| 
Depth (metres), T° | CLs. S °/ 


00 fete) Ot 
0 12-95 18-78 33-93 25-58 
40 12-75 18-80 33°96 | 25-66 


Station V. 27/7/09 (8 am.). 53° 53’ N.; 4° 46" W; 
Depth of station, 80°5 metres. . 


Depth (metres) <* ge he vig ee ot 
0 12-45 18-88 34-11 25:83 
30 12-00 — ; oo — 
75 11-77 18-94 | 34-22 26-04 
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Station VI. 27/7/09 (9.15 am.). 53° 43’ N.; 
4° 44' W. Depth of station, 58°6 metres. 
Depth (metres) fe Chie Sy gee Or 
0 12-80 18-88 34-11 25-76 
30 12-45 os ce pecs 
5D 12-45 18-90 34-14 25-86 
Sram vit. 27/7/09 (10.25 aa.) 53° 33/ .N.; 
4° 41’ W. Depth of station, 63'1 metres. 
Depth (metres) Te Clee. Shee ct 
0 13-3 18-82 34-00 25-07 
30 12-8 — ae == 
50 12-75 13-91 34-16 25°81 


Only surface observations were made at stations 


Vir, 1X and X. 


| 


Station. Date and Time. HU CS a SS ale Gr 
VIII. 54° 4’ N.; 3° 28’ W. | 28.7.09 (8.15 a.m.) | 15°15 | 18-10 | 32-70 | 24-18 
TX. 54°9’N.; 3°44’ W. | 28.7.09 (7.55 a.m.) | 14.15 | 18.41 | 33.26 | 24.83 
xX 54° 12’N.; 4° W. 28.7.09 (6.30 a.m.) | 13.75 | 18-46 | 33:35 | 24-99 
Prauon XT. 27/7/09 (8.40 p.m.). 53° 56’ N.; 
4° 31’! W. Depth of station, 67'7 metres. 
Depth (metres) ne HCL. Doo Ct 
0 12:5 18-87 34-09 25°81 
30 12:1 —— — — 
63 12-05 18-90 34°14 25-94 
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Station XIT. 27/7/09 (7.15 pm.). 53° 48’ N.; 
4° 11' W. Depth of station, 51°2 metres. 


Bil lee S°/ 


~ Depth (metres) ot 
W) | GLDRGD: o 1) EBT 34-09 | 25-78 


48 12-4 | ee? Shs | a 


Station XIII. 27/7/09 (6 pm.). 53° 41 N.; 
3° 51! W. Depth of station, 45°8 metres. 


Depth (metres) bys be Miles Say A ot 
0 13:75 | 18-55 33-51 25-11 
42 12-85 =| 18-74 33°86 25-54 


j 
( 


Station XIV. + 27/7/09 (4.25 p.m.). 5377s 
3° 31! W. Depth of station, 31:1 metres. 


| 
Depth (metres) dee Cas Syed om 
0 14-0 18-39 33-22 24-84 
ey 13-8 18-41 33-26 24-90 


Station XV. 27/7/09 (12.50 p.m.). 53° 26! N.; 
4° 6 W. 


Depth (metres) A lag Ola Sie ot 
0 14-0 18-53 33-48 25-03 


September 14 to 17, 1909. 
Station I. 14/9/09 (1.20 p.m.). 54° N.; 3° 30’ W. 
Depth of station, 22 metres. 


Depth (metres) A is Ul) é.. sae ad on 
0 14-55 18-36 33°17 24-68 


21 | 14-15 — aint ane 
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Station II. 14/9/09 (2.20 pm.). 54° N.; 3° 47" W. 


Depth of station, 34°8 metres. 


Depth (metres) LS Chives Sig il Ct 
0 14-45 18-60 33°60 25-03 
34 14-0 — i — 


Station IIT. 14/9/09 (3.15 p.m.). 54° N.; 4° 4’ W. 


Depth of station, 42°1 metres. 


Depth (metres) al? Cheeses So jes Ct 
ae 14-0 18-73 33°84 25°31 
40 13-7 — — — 


Station IV. 14/9/09 (4.5 p.m.). 54° N.; 4° 20° W. 


Depth of station, 45°8 metres. 


Depth (metres) ms Clery) Sie. om 
0 13-6 18-84 34-04 25-55 
45 13-5 au sats ats 


Station V. 14/9/09 (5.25 p.m.). 53° 53/ N.; 4°46’ W. 
Depth of station, 58°6 metres. a 


Ae Civ /ec 8 “Loo 


Depth (metres) on 
0 12-9 18-81 33-98 25°65 - 
30 12-8 — — — 
12-8 18-81 33°98 25-67 


57 
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Station VI. 14/9/09 (6.20 p.m.). 53°43’ N.; 4°44’ W. 
Depth of station, 63°5 metres. 


Depth (metres) T° CU e a) Ct 
ne RS ee ee eee , 
0 13-08 18-85 34-05 25-66 
30 | 12-95 — ~~ — 
63 | 12-95 18-85 34-05 25°68 


Station VIT. 14/9/09 (7.20 p.m.). 53° so’ Ne 
4° 41! W. Depth of station, 98°8 metres. 


Depth (metres) T? CL Sie. Ba |e ot 
0 Li eed 18-88 34-11 25-64 

30 | 13-25 oy * ae 
90 | 133 18-88 34-11 25-66 


Only temperature observations were made at stations 
Viliito XY. 


November 1 to 4, 1909. 
Station I. 2/11/09 (4.15 p.m.). 54° N.; 3° 30’ W. 
Depth of station, 29°3 metres. 


| | 
Depth ficken Ih Cl i B o/s ot 
0 {EO Ra te ae 33-51 |. 95-64 
26 10-77 | 18-55 33-51 25-68 


Station II. 2/11/09 (12.20 p.m.). 54° N.; 3° 47’ W. 
Depth of ee 42°1 metres. 


Depth os EF | Cl °/ ied Aa or 


! 
4 27 


i | es 


18-63 33°66 25:62 


* 
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Station III. 2/11/09 (11.30 am.). 54° N.; 4° 4’ W. 
Depth of station, 43°9 metres. 


11-5 ms oth) ks 


Depth te) | lee Chie Saas Ct 
0 Ly? 11-6 18-73 33-84. 25-79 
40 | 


Station 1V. 2/11/09 (10.25 a.m.). 54°N.;.4° 20’ W. 
Depth of station, 49°4 metres. 


Depth (metres) ie liga as Sa Ct 
0 11-47 18-80 33-96 25-90 
45 11-40 18-80 33:96 25-92 


Station V. 4/11/09 (9.25 am.). 53°53’ N.; 4° 46 W. 


Depth of station, 80°5 metres. 


Depth (metres) dl? Oe Shy ee Ct 
0 11-57 18-72 33°82 . | 25-78 

30 11-37 == == = 
75 11-32 18-74 33°86 25°85 


station VI. 4/11/09 (10.30 am.). 953° 43’ N.; 
4° 44' W. Depth of station, 58°6 metres. 


Depth (metres) ire Chek Sais OL 


0 11-8 18-79 33°99 25:83 
30 11-67 


54 11-67 18-79 33°95 29°85 
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Station: VIF. 4/11/09 (11:35 a.m.). 53° ga 
4° 41’ W. Depth of station, 58°6 metres. 


Depth (metres) pg 0 ay Ais 0B aa ot 
0 12-1 18-73 | 33-84 25-69 

30 11-95 ae fe es 
BA 11-:95° |* 18-79 | 33-82 25-70 


Only surface observations were made at stations 


VITL 1X and: X 


Station. Date and Time. T° |Cl ooo 


p.m.) | 11-25 | 18-65 | 33-69 | 25-74 
p.m.) | 11:25 | 18-69 | 33-77 | 25-79 
p-m.) | 9-95 18-31 | 33-08 | 25-48 


VITI. 54° 4’ N.; 3° 28’ W. | 1.11.09 (3.3 
TX. 54°9’N.; 3° 44° W. | 1.11.09 (4.2 
Xx.) 54P12" No.4 WW 1.11.09 (5.2 


Station XI. 3/11/09 (3.10 p.m.). 53° 56’ N.; 4°31’ W. 
Depth of station, 58°6 metres. 


Depth (metres) dig 0 Ba Blac | ot 
0 7 18-79 33°95 25-85 
54 11-6 18-80 33-96 | 25-88 


Station XII. + 3/11/09 (1.45 p.m.). 453° 48’ N.; 
4° 11’ W. Depth of station, 47°6 metres. 


Depth (metres) T° 0 Bs Br) 6 ot 


0 11-8 18-73 33°84 25°74 
42 11:7 — — | — 
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Station XIII. 3/11/09 (12.20 pm.). 53° 41’ N.; 
3° 51! W. Depth of station, 43°9 metres. 


Depth (metres) iE? Bi Sia/ad Ct 
a i AGS a NS A ae 
0 | 11-5 18-44 33-31 25-40 
40 | 11-37 18-39 33:22 25-35 


Seutone er V: 2/11/09 (4.15 pm.):- 58° 31’ N.; 
5° 31’! W. Depth of station, 34°8 metres. 


Depth (metres) T Ob ain. Seas | Ot 
W) 10-9 17-95 32°43 24-82 
33 10-9 18-03 32°57 24-93 


The temperature observations made at stations VIII 
to XV during the March, June and September cruises are 
given in Mr. Johnstone’s paper in the present report. 

In order to show the seasonal variation of the 
salinities more clearly, the values for the surface salinities 
at the various stations are collected in the accompanying 
table. 


Table illustrating the seasonal variation of the 
surface salinities at the various stations during 1909. 


Jan. March | May June July Sept. Nov. 
Station | 25-29 19-21 17-19 14-18 26-28 14-17 1-4 
| 1909 1909 1909 1909 1909 1909 1909 
| oaNd 
I ayy 33-10 32°81 33:01 32-86 33°17 33-51 
II 33°04 | 33:39 | 33-13 33-26 33°46 33-60 33°66 
Ii 33°46 | 33-68 33-69 33-06 33-57 33°84 33°84 
IV 33°84 | 33-69 34-05 34-05 33:93 34-04 33-96 
V 33°86 | 33-93 34-20 34-14 34-11 33-98 33°82 
VI 33°93 | 33-98 34-22 34-23 34-11 34-05 33-95 
VII 33-98 33:98 34:14 34-23 34-00 34-11 33°84 
Vill 32-61 _ 33-04 — 32-70 — 33-69 
IX 33-35 — 33-06 — 33:26 — 33:77 
x 33-51 — 33:08 — 33°35 — 33-08 
XI 33-80 — 34-09 — 34-09 — 33-95 
XII 33-44 — 33:91 — 34-09 — 33-84 
XIII 33°12 —— 33°39 a 33-51 — 33°31 
XIV 34-02 — 32-86 — 33°22 — 32-43 
XV — — 33-55 — 33-48 — — 
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A comparison of the foregoing table with the 
corresponding. ones given in the two previous reports will 
at once show that the hydrographic conditions prevailing 
in this area during 1909 were very different from those 
existing in 1907 and 1908, and, so far as one can tell from 
the incomplete data, in 1906 also. 

It is more especially stations V, VI and VII which 
we have to consider. These are the three stations which 
are affected by the Gulf Stream Drift, and where, in 
consequence, the maximum salinity usually occurs about 
February. This year, however, it will be seen that the 
maximum occurs much later than this, namely, in May 
and June, which we must regard as quite abnormal. And 
moreover, not only is the maximum much later, but it is 
also less well defined, and the salinity is somewhat lower 
than in previous years (34°2 °/,, instead of 34°4 °/,.). The 
salinity variations at the remaining 12 stations, where the 
variations are chiefly due to varying amounts of fresh 
water flowing in from the neighbouring coasts, are more 
irregular, but on the whole the maximum salinities tend 
to occur during the autumn. The figures for stations IV, 
. XI and XII suggest, however, that at these stations the 
tendency of the Gulf Stream Drift to cause a Spring 
maximum of the salinities is barely counterbalanced by 
the effect of the fresh coastal water. 

The temperatures at nearly all the 15 stations are 
considerably different from those found during the period 
1906-1908, so far as the various stations which—with the 
exception of Nos. V, VI and VII—have not always been 
quite the same, are comparable. During the first half of 
1909 the temperatures were considerably higher than in 
previous years, while during the latter half of the year 
they were a good deal lower than usual. 

The natural conclusion to draw from these results is 


SEA-FISHERIES LABORATORY. 205 


that during 1909 the Gulf Stream Drift was much later 
than usual in making itself felt in the Irish Sea, and that 
when the Atlantic current did appear it was of lower 
salinity and lower temperature than usual. 

The late arrival of the Atlantic current would plainly 
delay the Spring maximum of the salinity at all points 
directly under its influence. It seems to me that the 
later arrival of the Atlantic current of lower temperature 
than usual would also account for the departure of the 
water temperatures from the normal which has been 
mentioned above. 

As the Atlantic current was late, the warmer water 
from the end of the previous year would remain in the 
Trish Sea much longer than usual, and the water tempera- 
tures in the early parts of the year would consequently be 
above the normal; when, however, this water had been 
swept northwards by the inflowing and colder Atlantic 
water, the temperatures would fall below those found in 
more normal years. It may be mentioned here that the 
results obtained by the Irish Board of Agriculture and 
Technical Instruction, under Mr. E. W. I. Holt, which 
will be referred to more fully in the next article, fully 
bear out our conclusions that the salinities at points in 
the Irish Sea affected by the Gulf Stream Drift were at a 
maximum in May and June of 1909. 

Now we know that the weather during 1909 was most 
unusual, and it seems reasonable to conclude that the 
abnormal weather and the abnormal Gulf Stream Drift 
were intimately connected. 

Although the rainfall over the British Isles as a 
whole during 1909 was exactly equal to the average in 
amount, it was most abnormally distributed. The amount 
of rain which fell in the South-west of Ireland, Wales and 
England, and the North-west of Scotland, was con- 
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siderably below the average, while the South and East of 
Great Britain were much wetter than usual.* 

The temperatures during 1909 were also unusual, and 
in spite of a few warm months, the year as a whole seems 
to have been colder than usual. 

A short discussion of the weather of each month of 
1909, by F. J. Brodie, will be found in Symons’s Meteoro- 
logical Magazine for 1909 (Vol. 44), where rainfall tables 
for the various months are also given. Many features of 
the weather seem to agree very well with what might be 
expected. Thus the rainfall for January and February 
was a good deal below the average, while March was much 
colder than usual, both of which facts can be accounted 
for by the absence of the large body of warm Atlantic 
water. In the same way the extreme dryness of August 
and September in the South of Ireland may well be due 
to the fact that the Atlantic water in the neighbourhood 
was colder than usual. This would, of course, result in 
the winds blowing from the sea to the land not being so 
heavily charged with moisture as usual, and a smaller 
precipitation on the land in consequence. 

It is not, of course, for one moment to be understood 
that these important effects on the weather are to be 
attributed to the hydrographic conditions prevailing in 
the Irish Sea. The body of water in the latter is 
probably far too small for variations in its condition to 
have more than a very slight influence on the weather, 
and that only at places actuaily on the shores of the Irish 
Sea itself. It seems, however, reasonable to regard the 
tongue of Atlantic water which flows up the Irish Sea as 
an index of the Gulf Stream Drift as a whole, and it is to 
be expected that variations in the latter will affect the 
weather of these Islands, and, in fact, of North-west 

See an article in ‘‘ The Times ”’ of Jan. 14th, 1910, by Dr. H. R. Mill. 
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Europe. We know, of course, that the immediate causes 
of the weather in the British Isles are to be sought in the 
movements of the various cyclonic and anti-cyclonic 
systems in the neighbourhood. These, however, are 
probably influenced to a very large extent by the position 
and nature of the Gulf Stream Drift for the time being. 
The Gulf Stream Drift itself is largely regulated by the 
general nature of the winds due to the huge cyclonic 
system which rests over the North Atlantic with its centre 
at Iceland.* 

Variations and abnormalities in the Gulf Stream 
Drift may therefore be expected to have an influence on 
the weather over extended periods of time, whereas the 
weather over shorter periods is dependent chiefly on the 
smaller cyclonic and anti-cyclonic systems then pre- 
vailing. In accordance, therefore, with these considera- 
tions, I wish to put forward the hypothesis that the 
peculiar weather of the past year is directly traceable to 
the late arrival of the Gulf Stream Drift, coupled with its 
unusually low temperature (due probably to greater 
admixture with Arctic water of low salinity). 

Future work must prove or disprove this hypothesis, 
which I have some hesitation in bringing forward owing 
to the scantiness of the hydrographic data available. The 
mere accumulation of hydrographic data is, however, of 
minor interest. ‘The interest les with the deductions 
which may be made from the data. This, therefore, is my 
excuse for pointing out a possible line of work to which 
attention should be paid. 

If the hydrographic conditions of the Irish Sea and 
the Atlantic Ocean at the mouths of the Irish Sea and 
English Channel are studied for a number of years, it 
should soon be possible to see whether any connection can 


*Meinardus. Meteorologische Zeitschrift XXII, 398 (1905). 
0 
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be traced between the state of the Gulf Stream Drift in 
these parts and the weather of the British Isles. If, as 
seems to me probable, an affirmative answer can be given 
to this query, it may well prove possible to predict the 
general character of the summer and autumn of any year 
from hydrographic observations made during February 
and March of the same year at the mouth of (or even in) 
the Irish Sea and English Channel. In the same way 
observations made during the summer would perhaps give 
an indication of the probable nature of the succeeding 
winter. 

W. Meinardus* in a very striking paper has shown 
that there is a very intimate connection between the 
general circulation of the air in the North Atlantic region 
(which forms one large barometric unit), the marine 
Atlantic currents, and the weather of North-west Hurope. 
Thus he shows that a weak atmospheric circulation over 
the North Atlantic during August-February corresponds 
to (1) low water temperatures on the coast of Europe 
during November-April; (2) low air temperatures in 
Central Europe from February-April; (3) little ice off 
Newfoundland during the spring; (4) plenty of ice off 
Iceland during the spring; (5) bad wheat and rye harvests 
in Western Europe and North Germany. A strong 
atmospheric circulation over the North Atlantic during 
August-February corresponds to exactly the opposite. 

Helland-Hansen and Nansen, in an important paper,t 
have shown that the character of the summer in Northern 
Norway (and many important things depending upon 
this, such as the Lofoten cod fishery, the harvest, and so 
on) can be predicted a year, or even two years, in advance 


* Meteorologische Zeitschrift XXII, 398 (1905). 


+ Internationale Revue der .gesamten Hydrobiologie und Hydro- 
graphie II, 337 (1909). 
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from the results of hydrographic observations made off 
the South-west coast of Norway. | 


In conclusion, it may be stated that the present year 
may perhaps furnish a test of the views expressed in the 
latter part of this paper. Our hydrographic observations 
made at stations V, VI and VII on 2/2/10 have given 
values for the salinities practically identical with those 
found on 27/1/09. I feel confident, therefore, that the 
Gulf Stream Drift is late again this year, and think it 
very probable that the weather during summer 1910 may 
be similar to that of summer 1909 in consequence. This 
seems likely if the late Drift is also colder and fresher 
than usual, as it was last year. Whether this is always 
the case with a late Drift we have not yet sufficient data 
to show, but from Meinardus’ observations (loc. cit.) it 
seems probable. Of course if, when the Gulf Stream Drift 
does arrive, it is salter and warmer than usual, we shall 
almost certainly not have the same kind of summer as we 


had in 1909. 
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THE FLOW OF WATER THROUGH THE 
IRISH SEA. 


By Henry Bassett, Jun., D.Sc., Ph.D., Assistant 
Lecturer in Chemistry in the University of Liverpool. 


In my reports on the Hydrographic work in the Irish 
Sea during 1906, 1907 and 1908,* I assumed that there was 
a general flow of the water from South to North, without, 
however, discussing the point. It seems, however, high 
time that this important point should be fully discussed, 
and for two reasons. In the first place, because it is being 
assumed by some people that exactly the reverse is the 
case, and that the water flows southwards from the Irish 
Sea; and in the second place, because the data now 
available are, for the first time, sufficient to prove without 
a shadow of doubt that the water does actually flow from 
South to North. Hven before any detailed hydrographic 
work had been done in the Irish Sea, generally known 
facts were sufficient to show that in all probability there 
was a flow of water through the area from South to North 
—the current passing to the East of the Isle of Man. 

Thus the general set of the tides points in this 
direction, the tides towards the North nearly always being 
stronger than those towards the South. 

Then again, the sand and shingle on the English and 
Welsh and on the Irish coasts tend to travel northwards.t 

It is a well known fact that practically all wreckage 

* Trans., Biol. Soc. of Liverpool, Vol. XXII., p. 146 (1908), and 


Vol. XXIII., p. 146 (1909): also Lancashire Sea-fisheries Laboratory 
Reports, No. 16, p. 54 (1908), and No. 17, p. 44 (1909). 


+ Mr. C. D. Oliver, M.Inst.C.E., Engineer to the Dept. of 
Agriculture and Technical Instruction for Ireland, in reply to enquiries 
kindly made for me by Professor Grenville Cole, quotes numerous cases 
which have come under his observation and which in his opinion 
show that the sand on the East Coast of Ireland travels from South 
to North, though probably very slowly. 


* 
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from the southern parts of the Irish Sea drifts northwards 
and is eventually washed up on the coast of Lancashire 
and Cumberland, that is to say, exactly where a current 
from South to North, and passing to the Hast of the Isle 
of Man, would be expected to take it. The same thing 
almost invariably happened to bottles thrown overboard 
by Professor Herdman.* 

Bearing these facts in mind, it seems somewhat 
strange that anyone should assume that the flow of water 
through the Irish Sea was in the contrary direction, 
especially since, even neglecting the above-mentioned 
facts, 1t was @ priorz improbable. 

It is well known (“ Law of Ferrel’’) that owing to 
the circulation of water from the poles to the equator and 
back to the poles, coupled with the rotation of the earth 
about its axis, the marine currents in the Northern 
Hemisphere tend to flow from 8.W. to N.E. in the case of 
warm currents, or from N.E. to S.W. in the case of cold 
currents. ; 

The Gulf Stream is one of the former, and, as is well 
known, flows round the North of the British Isles to the 
Norwegian Coast. It has been known for several years 
that a small branch of the Gulf Stream passes through the 
English Channel, and it was to be expected also that some 
of the eastward flowing water would succeed in forcing 
its way through the Irish Sea. 

A current flowing southwards through the Irish Sea 
might be one of two kinds. It might be a cold current, 
which, however, would be flowing in rather the wrong 
direction (namely, a somewhat easterly one) for a cold 
current. It is, however, clear that it would be impossible 
for such a cold current to get down the Irish Sea, for to 
do so it would first have to cross the Gulf Stream flowing 

* Trans., Biol. Soc. of Liverpool, XVII., p. 154 (1908). 
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round the North of Ireland and Scotland. It could only 
do this by going under it, which would require deep water 
such as does not exist to the North of Ireland, for the 
deep channel which runs through the western parts of the 
Irish Sea and the North Channel does not reach further 
than 6° 40’ W. Any other possible southward flowing 
current could only be a small eddy-lke branch of the 
Gulf Stream. Since, however, the southern opening of 
the Irish Sea is much wider and more conveniently 
situated than the northern opening, it is far more 
probable that a tongue of the Gulf Stream would run 
through the Irish Sea from South to North, and not from 
North to South. 

The results we obtained in 1908 would be very hard 
to explain by means of a southward flowing current. 
(See the chart in the Report of the Hydrographic Work 
in the Irish.Sea during 1908.) 

Mr. D. J. Matthews,* of the Marine Biological 
Association, as a result of his hydrographic investigations 
in the English Channel, came to the conclusion that water 
from the Irish Sea spread southwards over the English 
Channel, and J. N. Nielsent has suggested in consequence 
that there is an anti-cyclonic circulation of the water 
round Ireland. 

When Matthews’ evidence is examined carefully, 
however, it seems to point conclusively in the opposite 
direction. In the Second Report of the North Sea 
Fisheries Investigation Committee, Part II—Southern 
Area—(London, 1909), Matthews gives charts in which 
all the available hydrographic observations for 1904 and 


* Matthews, Report on the Physical Conditions in the English Channel, 
1903. First Report of the North Sea Fisheries Investigation Committee 
(Southern Area), London, 1905. 


+ Meddelelser fra Kommissionen for Havundersdgelser. Hydrograft, 
Vol. I., No. 9, Copenhagen (1907). 
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1905 are plotted and isohalines drawn which seem to bear 
out his contention that a current of water of low salinity 
is flowing southwards from the Irish Sea. 

I have re-drawn the charts (see Plates II to V) 
putting in the numerical values for the salinities of the 
various points indicated on Matthews’ charts. Nearly 
all of the numerical data are given in the above-mentioned 
Second Report, Part II, but a few of them had to be 
obtained from the Second Report, Part I—Southern 
Area—(London, 1907), while a few were obtained from 
the “ Bulletins trimestriels du Conseil permanent inter- 
national pour |’exploration de la Mer” for 1905. A few 
other figures, not utilised apparently by Matthews, but 
also referring to the same period, were found in Part I 
of the Second Report. These have also been introduced 
into the charts of the present paper, but are specially 
indicated. I have tried to draw the isohalines on the 
charts as fairly as possible, and have also indicated by 
dotted lines how Matthews draws the same. It seems to 
me that my way of drawing the lines is in better agree- 
ment with the figures, and also gives a reasonable 
explanation of the facts, but it must, of course, be 
admitted that the data are too scanty to enable one to 
draw the isohalines with any great certainty. 

It will be seen at once that the isohalines indicate a 
current of water flowing northwards up the Irish Sea with 
a tendency to strike St. David’s Head. At the same time 
there is a small tongue of low salinity water coming 
South round Land’s End. It was the presence of this 
water which led Matthews to think that there was a 
southward flowing current from the Irish Sea. 

This tongue of water seems, however, relatively 
insignificant, and is almost certainly derived not from the 
Irish Sea, but from the Bristol Channel, and is probably 
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carried southwards by an eddy resulting from the tongue 
of Gulf Stream water striking St. David’s Head and being 
diverted southwards as indicated in the figure. The fact 
that this tongue of fresher water is much less prominent, 
and even cut off altogether by salter water towards the 
end of the year, when the Gulf Stream Drift is at a 
minimum, is in good agreement with this view. It would 
evidently be exceedingly interesting to study the hydro- 
graphic conditions in the Bristol Channel, and future 
work should also carefully look for the narrow tongue of 
salt water running across its mouth. 

It seems probable that the above-mentioned addy 
would only be sufficiently strong to carry Bristol Channel 
water southwards during the spring, when the Gulf 
Stream Drift is ata maximum. It appears that along the 
North coast of Cornwall sand accumulates on the western 
side of the headlands,* which indicates that the total 
movement of the water towards the North-east is greater 
than any movement to the South-west. 

The conditions during 1904 seem to have been some- 


what different from those found during 1905, but the data , 


available are somewhat scantier than for the latter year. 
I have also re-plotted the charts for 1904, but do not give 
the results in this paper, as they are too doubtful. The 
isohalines, as drawn by Matthews in the charts for 1904, 
do not disregard the values of the salinities at some of the 
stations, as in the 1905 charts, but it is also possible to 
draw them somewhat differently and bring them more 
into Jine with those for 1905, as re-drawn in the present 
paper. When this is done, islands of fresher water to the 
South of the Land’s End appear in the charts for August 
and November somewhat similar to that in the chart for 


* IT am indebted to the Rev. W. Milburn Briggs for this 
information. 


ad 
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November, 1905. The tongue of salter water passing up 
the Irish Sea seems to be much less pronounced than in 
1905, and the charts also seem to suggest that in 1904 the 
Gulf Stream Drift struck the Land’s End instead of 
striking against St. David’s Head. This is also rendered 
‘more probable by Gough’s observations “ On the distribu- 
tion and the migrations of Muggiaea atlantica (Cunning- 
ham) in the English Channel, the Irish Sea, and off the 
South and West Coasts of Ireland in 1904.”* 

Only a few isolated hydrographic observations made 
by the “ Helga” in the Irish Sea during 1905 have been 
published (Bulletins trimestriels). During 1909, however, 
the “Helga” made a detailed hydrographic survey 
of the whole Ivish Sea with the exception of the portion 
to the East of the Holyhead-Calf of Man line which we 
have been investigating from Liverpool since 1906. 
This hydrographic work was carried out under the 
direction of Mr. H. W. L. Holt, of the Irish Department 
of Agriculture, and Mr. Holt has very kindly given me 
permission to make use of his figures (which will be 
published in the Bulletins trimestriels for the current 
year). I have, therefore, introduced Holt’s and our own 
figures for 1909 on the same charts as Matthews’ figures 
for 1905, as no figures for a date later than 1905 are 
available for the southern area. 

It is evident that the curves drawn for 1909 are not 
directly comparable with those drawn for 1905, and _ to 
make this clear on the charts a narrow uncoloured strip 
has been left between the two sets of curves. Although 
this combination of the two sets of curves may be open to 
criticism, it is useful for our present purpose of discussing 
the flow of water through the Irish Sea. The figures and 


_  * Publication de Circonstance, No. 29, du Conseil permanent 
mternational pour Vexploration de la Mer. Copenhagen, 1905. 
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curves in the Irish Sea speak, I think, for themselves. It 
would hardly be possible to draw the isohalines ~ 
substantially different from the way in which they are 
drawn on the charts, and it is clear that such a distribu- 
tion of salinities can only be explained by a flow of water 
from South to North. 

The figures on the charts refer to surface salinities, 
but the Irish Sea is practically homosaline throughout, 
and where any differences of salinity with depth do occur 
they are small, and do not affect the above conclusions. 
The isohalines show very plainly how the northward 
flowing current tends to flow along the eastern side of the 
Irish Sea. They also show that a great deal of the water 
flows round to the east of the Isle of Man (as indicated 
also by the tides). In this last connection it is most 
interesting to note that whereas the spring maximum of 
the salinities is well marked at Stations V, VI, Vil and 
XI, between the Calf of Man and Holyhead, it is 
practically undetectable at stations on the 54° of latitude 
West of the Calf of Man. This probably means that 
nearly all the water flowing through the Irish Sea passes 
to the East of the Isle of Man. It is to be noted that in 
my report for 1908, where I also referred to this last 
point, there is an error in the third paragraph from the 
bottom of the last page but one—“‘ the 34:0 isohaline on 
the chart” should read “ the dotted line on the chart.” 

The curves of equal temperatures for the surface 
water of the Irish Sea during 1909 have been drawn and 
discussed by Mr. Johnstone, and are reproduced in the © 
plates illustrating his paper in the present report: These 
isotherms show even more strikingly than the isohalines 
the direction of flow of the water. In particular they 
clearly show the current bending round to the East of the 
Isle of Man. 
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EXPLANATION OF PLATES. 


Prate Il. Surface Salinities, February. 


Figures to the South of the white line refer to the 
period Feb. 1-10, 1905, unless there is a note to the 
contrary. 

Figures to the North of the white line, and West of 
the line Calf of Man-Holyhead, have been communi- 
cated to us by Mr. E. W. L. Holt, and refer to the 
period Feb. 1-19, 1909. (A few figures referring to 
1905 are also specially indicated.) 

Figures to the East of the line Calf of Man-Holyhead 
are our own, and refer to the period Jan. 25-29, 1909. 
The salinity, 34:43 at 52° 46’ N.; 5° 38’ W. is that at 


31 metres. 


Prats III. Surface Salinities, May. 


Figures to the South of the white line refer to the 
period May 1-16, 1905, unless there is a note to the 
contrary. 
Figures to the North of the white line and West of 
the line Calf of Man-Holyhead are Mr. Holt’s, and 
refer to the period May 3-10, 1909. (A few figures 
referring to 1905 are also specially indicated.) 
Figures to the Hast of the line Calf of Man-Holyhead 
are our own, and refer to the period May 17-19, 1909. 


Prate LV. Surface Salinities, August. 


Figures to the South of the white line refer to the 
period Aug. 1-16, 1905, unless there is a note to the 
contrary. 

Figures to the North of the white line, and West of 
the line Calf of Man-Holyhead, are Mr. Holt’s, and 
refer to the period Aug. 2-10, 1909. (A few figures 


referring to 1905 are also specially indicated.) 


— 


Plate Tt zi 
! 3335 | Os. iQ a 2 
O - 
”, ri od Ee 
‘wor 
SURFACE SALINITIES. FEBRUARY s F 
: 34:0 — ' 
en oa 
342 == 
Z @W LiverHool 
4 GG : : ; 
i a4 [AZ Dublin « =o 
S = QNeRvates 3.0 
rs HA Yy nglesea S338 
: 346 u 
2 tS 
35:0 
a 
ss2 (Hin 
35-3 
cil 35-4 34-6 
52° \ 62" 
St.Davids Head. 
A 
ze sates HI 
of 
Ale : 
e 
! Fastnet o 
» 355 < 
35:4 
4 
», | ©3571 
Ly 
‘\ 
BEING y 
DO. 
bs 
Orn 
%, 
Ly 
& 
x 
{ Ne 
SY “hes 
S C Ses = Z ¢ Bi 
» al =<" 50° 
S. Scilly Is. 2292 - 35-48 f 
‘ ae 
a gee 
cs SA] 56:25 | 7 
\ (Faz cent) | ¢ ©3546 f 
Ny ‘ 
SAS s 
‘ NN cone 
‘ ‘ 
+3562 ‘ A 
(Fab.26) SS 
\S 
\ 
‘ 
sh by 
vN A 
N Ny 
N N re 
he \ 
S5Ss ‘ 
“Op. \ 
. 
aps. x 
Sy “ 4 
POS ‘ BSc ue 
Sax 35:4 F R A N C. E 
Ae °35:46 
. 
Ss, 
oe 
SS - 
48 
/o* 35 oe 7 6" Ss a a 


a ESS ae 


i ence 
“Sees 


ee 


A Et Ree res er 


52" 


So 


49° 


48° 


PLATE IL 


SURF. 


34:0 


CE SALINITIES. MAY. 


34:90 


on/5°0S =~...) 


3540 


Plymouth 


RANCE 


sx 


|S2* 


si* 


de 


jag" 


46° 


ae ae figs 3 iS F; \ = ma 
Piate IV an al 
a {| 
ot / ' 
“4 | 388 | @s5-87 , 
—_ | © 
85°89) 33.94@ 
este : ISLE 
33-86 A OCEIEIO | Er 
- 35: © | 32-70 Ay 
J 3388 3395 43:95 3395 33/57 3346 5286 yt 4 
ee ie 
i yo! Flegfwood 
SURFACE SALINITIES. | Aucusr. 3390 3395 3+ 
Bae © A ©3351 
— p Rockabi// 
sa 7 a0 
342 WL Lembay. 4 "t Grees Y), H Oks. PESTO} Livenpoo! 
34, ¢ 
Y, Dublin Y 54-0 
344 [4 g Holyhead 
wi Y 7 pSanciesea 50 
wi J UlH 32 
546 u - 
f NN en YY UY 
| \ ////-—a 5 
) Ee Y 
bo Q Yn ; 
A, 4 
62 4 
Y Y, WIZ Yyy y 
A BZ Z 
53 34:0 Hi Coron buy 
| MWY 
| Za 
KV! 
S77 
a) 54-4 bs 
, ye Ht J 3 
E-Bristo/ Channe/ 


(huge) 
50" ce aS ~ 
OS 
360 1 ‘ 
\ 
wy 
‘ 1 ut 
\ 
‘uy| Ve 
\d}, 10 
\ 
‘ ‘5 
Ce ae 
we NZ 
We 
\= Na 
mt 
\ 
43" 
1 \ Ne 
\ ‘ 
A ‘ 
ry 
A 
‘ 
\ 
\ 
\ 
\ 
SN 
. FRANCE 
48° 
4 9 Fe] 7 6° se a 52 
10° iS E 


—, " - - z + ¢ 


Pers ig PEI SNE EIT BEE a ACEI NOR lk om crbete pm 


Z oat . a th ea 
7 ? 


- 
i 
5 ‘ 
OP ORDERS Bert Te art en RESO ar eae 


bony 


SAND ahora: 


4 Br ae @ oa 


—<—<—$—$— a a a] aa AY 
PLATE VY. iow =| He 
5 ~ i due 
si-zs 5 fe 
(@r1r-05) , 
alae 
51/05) | 
3414 
tc 
C) ie 08 
S368 ou ©3377 ( HS, 
Lone 3369© 
91 3391 [33:87 33:96 -33{84 3366 351 ea 
e 
% Oss8 ore rs Temtngea 
¢ ; 82 
SURFACE |SALINITIES. NOVEMBER. as) ee RG) 
34.0) ©3395 
©3331 
34:0 ©3384 3243 
Liverfpool 
Dublin 10 335 ‘ 
Holyhead 
ANGLESEA 
Z 53° 
Vw3Hw 
YY Uf 
yy 
ben 
efile 
dhe 
' c 
inne! 
ve 
Plymouth 


. s ‘ 
~ 
SS 
Ossss 4*. 3549 35:43 
BON) 
x 
Qs555 O3zss2 ON 
. — 
)3ss2 ~s 
=EH6) Os553 A 
- . 
eS 35:53 . 
7 e 


ro" o 


Ze Gf 
AG Fe 
ENA as* 
YY 
// FRANCE 
ar ae 


SEA-FISHERIES LABORATORY. YI 


Figures to the East of the line Calf of Man-Holyhead 
are our own, and refer to the period July 26-28, 1909. 
The figures for 54° 33/ N., 5° 17’ W. and 54° 38’ N.; 
4° 56’ W. refer to a depth of 18°3 metres. 


Prate V. Surface Salinities, November. 

Figures to the South of the white line refer to the 
period Noy. 3-22, 1905, unless there is a note to the 
contrary. 

Figures to the North of the white line, and West of 
the line Calf of Man-Holyhead, are Mr. Holt’s, and 
refer to the period Noy. 1-6, 1909. (A few figures 
referring to 1905 are also specially indicated.) 
Figures to the Hast of the line Calf of Man-Holyhead 


are our own, and refer to the period Nov. 1-4, 1909. 


In all the above plates the figures to the South of the 
white line have been taken from Matthews’ reports 
(loc. cit.). Figures used by Matthews in drawing his 
isohalines are marked by a dot and circle. Figures given 
in his tables, but not, apparently, utilised for the charts, 
are marked by a dot alone. 

A small underlined figure indicates that the station 
is one at which samples from various depths are collected ; 
the number in these cases is the number of the station in 
the “ Bulletins trimestriels du Conseil permanent inter- 
national pour l’exploration de la Mer.” 
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REPORT ON TEMPERATURE OBSERVATIONS IN 
THE IRISH SEA DURING THE YEAR 1909. 


By Jas. JOHNSTONE. 


The main results obtained from the periodic hydro- 
graphic cruises made during 1909 are tabulated and 
discussed by Dr. Bassett in a preceding Paper in this 
Report, but I wish to give an account of the temperature 
Observations in particular, including data other than 
those obtained in the course of the periodic cruises. 
Special attention was directed towards obtaining a series 
of records which might enable us to plot, with some 
probability, the course of the isothermal lines in the 
eastern part of the Irish Sea. This part of the hydro- 
graphic work was regarded as of considerable importance, 
apart altogether from the question of the circulation of 
water in the Irish Sea and St. George’s Channel, since it 
is highly probable that the distribution and migrations 
of some fishes are to be associated with the annual 
temperature range on the various fishing erounds. 

The Data. As in 1907 and 1908, copies of the semi- 
diurnal temperature observations made from the principal 
West Coast Light Vessels have been supplied by the 
Meteorological Office, and these are tabulated on page 245. 
The observations made at 4 p.m. are alone considered. 
Those from the Cardigan Bay Light Vessel are not 
included since they were discontinued in 1909. Monthly 
averages have been calculated. The latter have not been 
graphed in this Report. 

The table immediately following that just mentioned 
gives the temperatures of the sea at the surface at the 
Hydrographic Stations. In addition to the quarterly 
cruises a series of observations were also made at inter- 
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mediate times, except in December, when pressure of 
other work prevented us from making the cruise. The 
same stations, with one or two exceptions, were visited on 
all these occasions; and not only were the usual observa- 
tions made, but surface temperatures were also taken at 
positions nearly intermediate to those of the regular 
stations. These latter data are not tabulated, but they 
are plotted in the series of sketch charts showing the 
surface isotherms. As a general rule, Richter thermo- 
meters were used to take surface temperatures, but a 
“ Kiel’ thermometer was employed at stations other than 
the “hydrographic” ones. The error of this instrument 
(about 0°15 C.) was frequently determined, and its 
readings are corrected. Deep temperatures were some- 
times taken by means of a Richter Reversing thermo- 
meter of the latest pattern, used on the Nansen-Pettersson 
water-bottle frame. The readings of the latter instru- 
ment always agreed with those of the Nansen deep-sea 
thermometer used in the water-bottle, and in the end the 
latter only was used; and this procedure seems to be 
preferable as there must always be some degree of 
uncertainty attached to the readings of a reversing 
thermometer, no matter how perfectly made, when used 
alone. The water-bottle was necessarily worked from the 
windward side of the ship, the latter being brought into 
position. Surface water samples for the determination of 
temperatures were always taken from the leeward side: - 
this was the practice, though I do not suppose there 
would have been a perceptible difference in temperature 
on. the two sides of the vessel. 

In addition to data obtained in this way, I have also 
considered observations made on board the “ James 
Fletcher ” in the course of her ordinary patrol work. The 
surface temperature is taken hourly when the vessel is at 
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sea, and the data thus obtained have been of the greatest 
value. I give these (corrected) readings for a number of 
coastal stations. It is, of course, evident that these data 
cannot tell us very much concerning the circulation of 
water, influenced as they are by proximity to the land. 
It is, however, necessary that we should know the sea 
temperature at coastal stations, when we attempt to 
consider physical changes in the sea in relation to the 
fishery periods, for it is near to the coast that some of the 
most important local fishing grounds are situated. It 
will be noticed that four of these coastal stations are 
situated very closely to each other; they are:—South 
Stack, Carmel Head, Middle Mouse Island, and Pt. Lynas. 
There are no fishing grounds adjacent to these parts of 
the coast, but they are of importance since the North- 
easterly drift of water in the Irish Sea appears to be 
concentrated to, the North and Kast of the Island of 
Anglesey, and it was desired to record the temperature 
hereabout with as much precision as possible. The 
positions of most of these stations are indicated in the 
chart on p. 223. 

Hourly observations are also made on traverses across 
Liverpool Bay, and across the Welsh Bays, but these are 
not included in our published tables. 

Our own observations are necessarily restricted to the 
Eastern side of the Irtsh Sea, to the sea round the Isle of 
Man, and to the Welsh bays, with the exceptions of 
occasional incursions into Scottish waters. It has been 
our privilege* to be allowed to make use of the salinity 
and temperature observations made by the Irish Depart- 
ment of Agriculture and Technical Instruction, on the 
Western side of the Irish Sea and in St. George’s 
Channel, and without these data it would have been 

* For which we are indebted to Mr. E, W. L. Holt. 
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Fig. 23, Hydrographic Stations in 1909, 
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impossible to draw the isotherms, even those strictly 
relating to Liverpool Bay. 

Interpolation. It is quite necessary to interpolate 
values for the surface temperatures, when drawing the 
isotherms over a large area, since it is not generally 
practicable to make the observations during a period of 
time short enough to preclude the possibility of a change 
of temperature. Even in the Western side of the Irish 
Sea it has not been possible to visit all the stations 
considered during the same cruise; and it was not always 
practicable to arrange that the cruises of the “ Helga” 
and the “James Fletcher’? should be made during the 
same days. Since the stations visited by the former vessel 
are much more numerous, and cover a larger area than 
the Lancashire ones, they have been taken as the basis 
for the construction of the isotherms, and the observations 
made on the English side of the Channel have been 
reduced so that they represent the temperatures which 
were, probably, characteristic of the sea during those 
days on which the “ Helga” made her observations. Just 
how best to reduce these observations was a matter of 
some little difficulty. I tried at first to make use of the 
now well-known formula for interpolation suggested by 
D’Arcy Thompson,* that is 

f() = Ay + Ai sin (@ + e,) + A, (sin 2 8 + e,) + Ke. 

In this expression the time is regarded as an angle, 
the year being supposed to consist of 360 days, and the 
temperature at any date is then a function of the sine of 
the angle. Now if we had only four observations for the 
whole year, these observations being made at the times 
of the maximum, minimum, and half-amplitude, this 
formula would afford the only possible means of inter- 


* Report (Northern Area) on Fishery and Hydrographical Conditions 
in the North Sea and adjacent waters. (1904-1905); Cd. [3358}, 
p- 186, 1907, 
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polating values for intermediate times, since, obviously, 
many curves could be drawn through the four given 
points. It has, indeed, been shown” that such interpolated 
values would really be very accurate. They would not take 
account of the “ accidental ”’ variations in sea temperature 
resulting from unusual winds, or the operation of other 
factors, but would express only the generalised annual 
temperature wave, which is indeed all that one attempts 
in most discussions of such variations in regard to the 
sea fisheries. It is assumed that the August sea tempera- 
ture is that of the maximum, the February one that of 
the minimum, and the May and November ones those 
representing the half-amplitudes of the annual wave. 
But whenever we have more than four observations, or 
when, as in the present investigation, the date of the 
cruises do not coincide with those times when we have 
reason to suppose that maxima and minima occurred, 
then the sine-function must be used cautiously in inter- 
polation. The first Lancashire cruise had to be made at 
the end of January, and the third at the end of July, and 
we know, from other observations, that the actual 
minimum fell in February and March, while the 
maximum was in August. If, then, the above formula 
had been employed, inaccurate results would have been 
obtained, since the constants would have been incorrestly 
deduced. 

I have, therefore, resorted to graphic interpolation. 
We have daily observations for the various light vessel 
stations, so that a smooth curve drawn as closely as 
possible to points representing the monthly mean tem- 
peratures will give a very reliable picture of the annual 
variations. The observations made at the Carnarvon Bay 
light vessel are regarded as indicating the variation in 

* Ibid. p.186-8 


226 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


temperature of the water of the Irish Sea unaffected by 
the influence of the land. It is very probable that this is 
the case, and that the water here has much more an 
‘“open-sea ” character than in any part of the Irish Sea 
North of the latitude of Anglesey. Conversely, the 
Morecambe Bay and Liverpool North-west Light Ship 
sea temperatures may be regarded as affected by the 
influence of the land: those taken at the Bahama Bank 
vessel are intermediate between the two series mentioned. 
The Lancashire observations at stations 3, 4, 5, 6, 7, 11, 
12, 15, 15, have therefore been corrected by just that 
difference which is shown on the curve for the Carnarvon 
Bay series, between the mean dates of Lancashire and 
Trish cruises. The observations made at the other stations 
have been similarly corrected from the Morecambe Bay 
Light Vessel series. 

The temperatures taken at the coastal stations have 
been reduced to monthly means, and then smooth curves 
have been drawn. In the case of most of these stations 
the series is fairly complete, except in one or two months. 
Values for these dates have been obtained graphically, 
since interpolation formule, such as those employed in 
the evaluation of mathematical functions, cannot easily 
be applied. The method of graphing a number of such 
series suggested by D'Arcy Thompson* is of the greatest 
value, and has been employed in the present investigation. 
A number of stations, which we have reason to believe are 
associated together, inasmuch as the variations from one 
to another are in the same direction, are grouped, and 
the monthly temperature means are plotted to the same 
axes of co-ordinates. Fig. 24 represents such a family 
of curves, that for Red Wharf Bay being taken as the 
standard one. The values of the ordinates for each of the 

Ibid, p, 172, 
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others change regularly by 1° C., as indicated in the 
margin. The latter values have to be added or subtracted. 
One is guided, in drawing the smooth curve, by the way 


in which the adjacent ones run, and by using some 


judgment, and having regard to what one knows of the 
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Fic. 24. Surface temperatures at various inshore stations in 1909. 


physical conditions obtaining at each station. We see at 
once that a good deal of confidence can be placed in these 
curves, and that we may interpolate from them with a 
reasonable expectation of accuracy. Such curves have 
been made for all the coastal stations, and in drawing the 
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isotherms the temperatures for the mean dates in question 
have generally been obtained from them. 


Temperature Stratification. 


There are no reasons for modification of the statement 
made in last year’s Report that the Irish Sea is a 
practically homothermic water mass, showing no 
significant variation of temperature with depth. The 
data relating to the hydrographic soundings are tabulated 
in Dr. Bassett’s Report, and it will be seen that the 
variations of temperature with depth of water are small | 
and inconstant. Such as they are, they appear to me to 
depend entirely on (1) convection currents set up by the 
chilling of the surface waters, and (2) lateral shore drifts 
set up by winds, and by the relative differences in 
temperature near and remote from the shore. It has been 
pointed out that as the coastal water heats up in summer 
at a greater rate than the off-shore water, it must tend to 
stand at a higher level, and thus off-shore currents or 
drifts must be set up at the surface, while deep currents 
set in towards the land to restore equilibrium. Obviously 
these off- and on-shore drifts will be partially, or perhaps 
entirely masked by the influence of the tidal streams. 
Further, there is the strong effect of the latter in 
conveying masses of heated or chilled water to and from 
the shore. The Irish Sea and St. George’s Channel are a 
relatively shallow water area, and the northerly drift 
through this is too weak to set up notable temperature or 
salinity, stratification. We find, then, that at stations 5, 6 
and 7 the differences in temperature between surface and 
bottom water never amounted to more than 0°7° C., and 
were usually much less. The greatest differences detected 
were at stations 1 to 4 during the June cruise, during and 
after a spell of fine weather. when the bottom water. was 


a 
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in one case 2°83° C. lower than that of the surface, and in 
all four cases over 1° in amount. But the July cruise, 
some six weeks later, disclosed very different conditions, 
for the mean difference then was less than 0°3° C. This 
cruise was made after a week of rather exceptional 
weather, when the wind had been blowing at times with 
the force of a gale, the result being that the water over 
the whole area investigated had become mixed up, 
practically obliterating the differences previously 
existing. This effect of a storm in relatively shallow 
water has been pointed out by Kriimmel,* in the case of 
the Baltic Station ‘‘ D Ostsee 7,’ where, after an interval 
of two days of stormy weather, the temperature difference 
between surface and bottom had practically been reversed, 
the mean remaining about the same. In the Irish Sea, 
then, a spell of calm, warm weather leads to the heating 
of the surface layers and the establishment of a condition 
of spurious stratification. Significant vertical tempera- 
tures are not to be detected anywhere between Britain and 
Ireland, as is shown by the numerous soundings made all 
down the Channel by the “ Helga” in 1909. Only in the 
stations South from the Tuskar were such disclosed. At 
the Irish station, 51° 55’ N, 6° 49’ W, there was a 
difference of nearly 5° C. at a depth of 64 m. and at 51° 
22/ N., 7° 0! W., a difference of 8°2° C. ata depth of 119 m. 
This was in August. The soundings, during the same 
cruise, in'the fairway of the Channel between Mull of 
Galloway and the Tuskar showed differences of just the 
same order as those we found between Calf of Man and 
Holyhead at about the same time. 
The Surface Temperatures in 1909. 

At the minimum; meau date, February loth, 19u9. 
The surface temperatures are represented by the sketch 


* Beteilig. Deutschlands a. d. Internat. Meeresforsch. III Jahresber. 
Berlin, 1906, p. 19. 
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chart, fig. 25, p.280. This has been plotted from our own 
observations and from data supplied by Mr. Holt. The 


cad 
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a 
Fig. 26. Probable isotherms in the Irish Sea and St. George’s Channel 
on 15th February, 1909. 
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courses of the isotherms in the region North-east from 
the Isle of Man are rather conjectural, for there are no 
observations with the exception of those from the Solway 
Light Vessels. South-west from the Isle of Man the 
observations are fairly numerous, and enable us to draw 
the isotherms with some degree of accuracy; while, 
because of the greater uniformity of conditions in the 
Channel between Ireland and the West coast of England 
and the Isle of Man, the observations there, though fewer 
in number, are still sufficient to determine the main 
distribution of temperature. It is questionable whether 
more numerous observations would make the task of 
plotting the isotherms any easier. If we had a continuous 
record of surface temperatures we should probably find 
that minor irregularities would lead to dovetailing of the 
contour lines, and the formation of “islands” of hotter 
or colder water. The isotherms are to be regarded as of 
the nature of smoothed curves, and probably represent 
fairly the main facts of the distribution. 

The warmest part of the area in February, 1909, was 
that part of the Channel in the fairway between the 
Tuskar-Bishops line, and the latitude of Anglesey; and 
the surface temperatures there varied from about 8°5° to 
9°. The coldest region was that extending from Air 
Point, in Cheshire, to the mouth of Morecambe Bay; over 
the greater part of this area the temperature was less than 
4°. The central part of the Irish Sea was characterised 
by great uniformity, the variation being less than 1°. It 
will be seen that the isotherms bend round to the North- 
east of Anglesey rather sharply, and that the temperature 
gradient is steepest here. 1f a line be drawn passing 
through the isothermal lines where the curvature is 
greatest, it will be seen that this would correspond very 
approximately to the axis of the Gulf Stream Drift, as 
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represented in Dr. Bassett’s figure on p. 217. But the 
cooling effect of the shallow water and banks off the coasts 
of Cheshire and Lancashire is so great at this time of the 


s 


Fic. 26. Probable isotherms in the eastern part of the Irish Sea 
on 20th March, 1909, 
year as practically to obliterate any indications of the 
further flow of water Northwards along the West coast 
of ngland. 
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March 16th, i909. 


The data on this occasion are those of an inter- 
mediate cruise, and there are no observations for the 
Trish Sea to the West of the Calf-Holyhead line. But it 
will be seen at once from fig. 26, which represents the 
isotherms at this date, that the main factor affecting tlie 
distribution of temperature is the flow of water to the 
North-east. The mean temperature of the whole area of 
sea to the Hast and South-east of the Isle of Man is very 
much the same as it was in February, and that of the sea 
immediately adjacent to the coasts of North Wales, 
Cheshire and Lancashire is rather less than in the former 
‘month. But the isotherms are now curved more sharply 
into Liverpool Bay, towards which their axes are directed, 
and just North from Red Wharf Bay the gradient is very 
steep. It will also be seen that there are now indications 
of a flow of water to the North-west from the coast of 
Lancashire, and also along the Hast side of the Isle of 
Man. This latter drift is, however, comparatively feeble, 
and the main drift of water from St. George’s Channel 
appears to be to the Kast, round the coast of Anglesey, 
and then to the North from the estuary of the Ribble. 


May 6th, 1909. 


Fig. 27 represents the distribution of temperature 
at the beginning of this month, and is constructed from 
observations made over the entire area. There is greater 
uniformity of conditions in this month than at any other 
period of the year, and this is due to the fact that the 
influence of the land is now exerted in the opposite 
direction, as compared with the conditions in February 
and March. The Gulf Stream Drift appears to have 
attained its maximum development at the beginning of 
this month, but the flow of water round Anglesey is not 


9234 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


oo a 


2 


Q2 7.95 —32——81\19 


CARNARVON 
JBAY 


CARDIGAN \a¥? 
BAY 


oe z 


Fie. 27. Probable isotherms in the Irish Sea and St. George’s 
Channel on 6th May, 1909. 
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so clearly indicated by the direction of the isotherms, 
because the positions of the latter are affected by heating 
up of the water oscillating towards and from the banks off 
the Cheshire and Lancashire coasts. It is quite clear, 
however, that there is now a general translation of warm 
water from Liverpool Bay along the Lancashire coast, and 
then to the North-west, and there are distinct indications 
of the flow of this water round Point of Ayre, in the Isle 
of Man, towards the North Channel. It is also clearly 
evident, from this and the previous charts, that the 
northerly drift of water from St. George's Channel 
slackens at about the latitude of the Calf of Man, and 
that the sea West and South from this point is a relatively 
stagnant area. It is also apparent that South from the 
Calf of Man, towards Holyhead, the water is rather 
colder than in the fairway of the Channel, to the West, 
and towards the West coast of England on the Kast. 
There is the same increase of temperature, passing down 
channel from Anglesey, as is indicated in the previous 
charts. : 


June Lot hg £909). 


The observations made in this month were those of 
an intermediate cruise which was extended into the North 
Channel and Firth of Clyde. The number of stations 
which were investigated North from the Isle of Man were, 
however, very few, and I have made no attempt at 
drawing the isotherms further North than adjacent to the 
Isle of Man. The temperatures have been plotted in 
fie. 28, and it will be seen that a very large part of the 
Kastern half of the Irish Sea is now filled with relatively 
warm water which is apparently drifting to the North- 
west. In the charts representing the conditions in 
February, March and May the isotherms were generally 
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Fic, 28. Probable isotherms in the eastern part of the Irish Sea 
on 16th June, 1909. 
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convex towards the English coast: they are now convex 
towards the North-west, except immediately to the North 
of Anglesey, where the prevalent drift to the North-east 
is still indicated. During this cruise there was a marked 
difference between the temperatures of surface and 
bottom water, the former being significantly warmer, and 
this is due, of course, to the heating effect of the sand- 
banks along the Cheshire and Lancashire coasts. 
Nevertheless, the direction of curvature of the isotherms 
indicates that this heated water is gradually being 
displaced to the North-west, passing round Point of Ayre 
into the North Channel, and the direction of curvature of 
the isotherms in the neighbourhood of Anglesey indicates 
just as clearly that the cause of this displacement is the 
continual entrance of colder water from St. George’s 
Channel. It will also be seen that there are no longer any 
indications of a flow of water immediately along the Hast 
coast of the Isle of Man, the strength of the Gulf Stream 
drift being now much less than in the Spring months. 


Aweuwst 4, F309. 


Fig. 29, which represents the distribution of surface 
temperatures during part of this month, has been con- 
structed from our own and Mr. Holt’s observations, and 
includes the whole area. It represents very nearly the 
conditions during the period of annual maximum tem- 
perature. The distribution is now entirely reversed, the 
colder waters being those of the centre of the Irish Sea, 
and in the fairway of St. George’s and North Channels, 
while the warmest waters are those off the coasts of 
England and Wales. All the coastal waters within the 
territorial limits from Great Orme’s Head to the Solway 
Firth are over 16° in temperature, and though we have no 
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Fic. 29, Probable isotherms in the Irish Sea and St, George’s 
Channel on August 4th, 1909, j 
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actual observations for this period of the year, it is 
probable that temperatures of 17° to 18° characterise the 
water in Tremadoc Bay. Round the North Coast of 
Anglesey the temperature is very little higher than that in 
the fairway of the Channel, because the water of this part 
of the coast is deep, and affected to a relatively slight 
extent by the land, and also because of the continuous flow 
round the promontory of Anglesey. It will be seen that a 
large part of the Irish Sea South and West of the Isle of 
Man is now filled with water which varies in temperature 
from 12°5° to about 13°, and inside this is a smaller area, 
the temperature of which appears to be a little greater. 


“island ’’ of water is established, no doubt, 


This warm 
because of the general deficiency of circulation in this part 
of our area. In all the former charts this relatively 
stagnant area was situated nearer to the Isle of Man, but 
in August, when the strength of the Gulf Stream Drift is 
nearly at its minimum value, the part of the Channel 
covered by non-circulating water has increased greatly 
in area. It should also be noticed that in these months, 
when the Gulf Stream flow is weakest, the curving-in of 
the isotherms towards Liverpool Bay occurs closer to the 
Isle of Man than the Anglesey coast. When the flow is 
strongest the water tends to pass closely round Anglesey. 
Then, just as at the time of minimum temperature, the 
isotherms in the eastern part of the Irish Sea run 
approximately parallel to the coast line. 


Peviamber ath, 1909. 


The observations at this time related to an inter- 
mediate cruise, and only the eastern side of the Irish Sea 
was investigated. The temperatures are again very 
uniform, the greatest difference being only 1°65° The 

Q 
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14° isotherm runs approximately parallel to the coast of 
Lancashire, but, just as in May and June, there are again 
indications of the North-westerly flow of warm water 
from Liverpool Bay. 


Fic, 30, Probable isotherms in the eastern part of the Irish Sea 
on 15th September, 1909. 


November 3, 1909. 


The data are those collected during a quarterly cruise 
and represent both our own and Mr. Holt’s observations. 
The temperatures are plotted in fig. 31, and the isotherms 
are drawn. With the exception of one or two indications : 
of “islands,” and what appears to be an unusually high 
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sea-temperature to the North-west of the Isle of Man, the 
distribution of warm and cold water appears to be quite 
normal. 


General Observations. 


A study of the charts showing the approximate 
courses of the isothermal lines during 1909 appears to me 
to afford additional arguments in favour of the view of 
the circulation of water in the Irish Sea, taken up by 
Dr. Bassett in the preceding paper, that the general drift 
of water, both at the surface and bottom, is from North 
to South through St. George's Channel, to the East close 
to the coast of Anglesey, and then to the North-west 
round Point of Ayre through the North Channel. This 
view 1s supported both by the study of isohaline and 
isothermal contour lines, and it will be seen that these 
mutually confirm each other when we remember that each 
series may vary independently of the other. 

One sees quite clearly (1) that in St. George’s 
Channel the isotherms, except so far as they run parallel 
to the coast lines, are convex towards the North; and, 
particularly in February and May, are bent over to the 
Hast towards the coast of Anglesey, where the tempera- 
ture gradient is steeper than on the Irish side; (2) that 
this convexity of the isotherms is greatest to the North 
and North-east of Anglesey, a condition again best 
marked in February, March and May; and (3) that the 
isotherms Hast of a line joining Calf of Man and 
Holyhead are convex towards the English coast in the 
southern part of the area, and convex towards the Isle of 
Man in the northern part of the area. It is only in 
September, when the temperature throughout is very 
uniform, that this arrangement of the isotherms is 
obscured. 
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Fic. 31. Probable isotherms in the Irish Sea and St. George’s Channel 
on November 3rd, 1909. 
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It is also clear that all the indications point to the 
main drift of water from St. George’s Channel, between 
Isle of Man and Holyhead, and not between Isle of Man 
and Ireland. No doubt some water may traverse the 
latter part of the channel, but the directions of the 
isotherms appear to me to indicate that the sea 
immediately to the South and West of the Isle of Man is 
characterised by a less strong circulation than is the case 
nearer to the coast of North Wales. 

Because of the relatively strong inflow round the 
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Fic. 32. Temperature gradient during certain traverses across 
the Irish Sea from Morecambe Bay to Pt. Lynas. 


coast of Anglesey, we find that the temperature range in 
the sea off this part of the coast is less than that further 
to the North along the Cheshire and Lancashire littoral. 
The water in the Red Wharf Bay region is therefore 
colder in the summer, and warmer in the winter, than 
that of the inshore part of Liverpool Bay. One sees this 
when studying the temperature variations which may be 
observed while making passages from Fleetwood or Piel 
to Point Jiynas. Fig. 32 represents the gradient on 
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four such passages, two of which were made about the 
time of the annual minimum of temperature, and two 
about the time when the sea temperature was rising to the 
maximum. The means were:—February 15, 54°; 
March 16, 5°06°; May 19, 9°4°; and June 25, 12:37°. In 
February and March the temperature rises on the whole 
during the passage from Morecambe Bay to Anglesey, 
but in June and May it falls. The points on the diagram 
represent the actual deviations from the means at each 
spot on the line traversed when temperature observations 
were made. I have drawn the curve smoothly through 
the actual points, since it is hkely that the temperature 
change was a gradual and continuous one, and that the 
observations themselves had no significant error. 

This difference in sea temperature between Anglesey 
and Morecambe Bay is due not only to the inflow of water 
round the former island, but also to the great effect of the 
extensive area of sandbanks in Morecambe Bay. On the 
4th May, 1909, I made a series of observations of tem- 
perature in the water of the shallow gutters and pools 
left by the ebb-tide on the sands immediately to the North 
and East of Roa Island, in the Barrow Channel. ‘The 
lowest temperature was 14°2°, and the highest was 17°2°. 
At about the same time the water in the fairway of 
Barrow Channel varied from 8°5° to 8:9°, and outside, in 
a line between the South end of Walney Island and 
Fleetwood similar readings were taken. At the end of 
July the temperature in the same place on the sands was 
as high as 20°5°, while midway across the mouth of 
Morecambe Bay it did not exceed 16°. It is quite evident 
that the tidal stream surging backwards and forwards 
over these sands must influence the temperature of the 
water out from the land to a very considerable degree. 
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Sea-Temperatures at the Light Vessels, 1908-1909, 


monthly means. 
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Sea-Temperatures at the Surface at the Hydrographic Stations 


in 1909. 
Station. | Position. | 
25-29 | 19-21 | 17-19 
Jan Mar. May. 
Te bee 5-2 4-95 | 10-35 
es 5-8 55 | 10-05 
Marans 6-4 585 | 8-9 
4 eeecg A |GET en elle ne:e 
Bie een en ss Uense3 66 | 853 
6. eee | gue 6-7 8-5 
tl eg Ole Sls de pe 8-70 
8 ices. lhe mn aoe 9-3 
ell sr Sate heli 5-65 | 9-05 
10s) oases i IE 51 8-95 
ie Weae P  N on 8-80 
12 eae 2 | neem ate 10's 8-83 
13 Teaccerae hy CooL nO 9-1 
Tee cer eae 52 | Ob 
iG, idee 5-65 | 9-3 


* Positions on this cruise, with respect to these three stations, were :— 


DATES. 


14-18 
June. 


12-4 
12-5 
13-33 
11-73 
10-62 
10-1 
10-42 
12-05 
12-55 
12-75 
10-7 
11-60 
13-82 
13-3 
12-05 


26-28 
July. 


14-15 
13-75 
12-5 
12-65 
13-75 
14-0 
14-0 


Station 11, 53°54’N. ; 3°59’W. 
12, 53°47'N. ; 3°45°W. 
13, 53°39’N. ; 3°30’W. 


39 


14-16 
Sept. 


14-55 
14-45 
14:0 
13-6 
12-9 
13-08 
13-4 
14-15 
14-15 
13-95 
13-1 
13-6 
14-35 
14-4 
13-95 
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NOTE ON THE FLOOKBURGH COCKLE BEDS. 


By Anprew Scort, A.L.S. 


The Rev. J. Fowler, Vicar of Cark-in-Cartmel, who 
takes a very great interest in the welfare of the Flookburgh 
fisherman, wrote to Mr. Muspratt a short time ago drawing 
his attention to the deplorable condition of the cockle beds 
at Flookburgh, and pointed out that for the first ten months 
of 1909 only 439 tons were dispatched, as against 1,647 
tons in 1907 and 1,330 in 1908. On January 6th Mr. 
Muspratt wrote asking me to communicate with Mr. 
Fowler and arrange to inspect the beds at an early date. 
Special enquiries as to the damage likely to be caused to 
the beds by the black headed gulls, and whether the number 
of these birds have increased materially of late were to be 
made. ‘lhe weather of January proved very unfavourable 
for a careful inspection of the extensive area worked by 
the Flookburgh men, but as this report had to be sent in 
some days previous to the meeting of the Scientific Sub- 
Committee on February 9th there was no time to wait for - 
favourable days. ‘Two visits were made, viz., on January 
17th and January 26th. On the first date a N.W. gale 
accompanied by heavy rain showers had to be faced. The 
second visit was made during the intense frost that followed 
the snowstorm of January 22nd. Although the weather 
was unfavourable and the gulls much less numerous than 
they would have been under more satisfactory conditions, 
there was every evidence that they are very destructive to 
the growing cockles. On the first visit I watched a flock 
of about 50 birds feeding. I then examined the ground 
and the excreta. The freshly evacuated excreta was very 
plentiful considering the number of birds in the flock and 
proved that they had been feeding actively. Practically 
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the whole of the excreta of these birds was composed of 
pure crushed shells of one and two year old cockles. Ina 
few cases the fragments of cockle shells were mixed with 
crushed shells of “ Henpens” (T'ellina balthica). TExcreta 
consisting of pure “ Henpen ” shells was only observed in 
two instances. In the interval between the visits, a good 
deal of shooting had been done and it was impossible to 
get close to the gulls which were much more numerous 
than before, and were scattered in flocks all over the sands. 
The excreta again consisted of little else than the crushed 
shells of cockles. The gulis that I watched feeding simply 
picked the cockles directly out of the sand, but the fisher- 
men state that they have frequently seen them tread the 
sand with their webbed feet with a similar effect to the use 
of the “ Jumbo” only on a smaller scale. The birds then 
eat the cockles brought to the surface. The fishermen say 
that the adoption of a close time for gulls under the Wild 
Birds Protection Acts has led to a vast increase in the 
number of birds produced each year, they are becoming 
less afraid of man, and are the chief cause of the decreasing 
yield of cockles at Flookburgh. From the observations I 
made, I saw that the gulls follow the track of the “ Jumbo ” 
pretty much as they follow the plough on land and eat the 
-cockles that remain at the surface. The Rev. J. Fowler, 
who has lived at Cark for 13 years, says there has been an 
extraordinary increase in the number of gulls in his ex- 
perience. He has frequently seen many ‘thousands of 
these birds feeding on the sands, and within recent years 
two gulleries have become established on Holker Mosses, 
between Cark and Haverthwaite. Dr. Jenkins in his 
report for the Quarter ending December, 1904, gives a 
chart of Morecambe Bay showing the cockle beds and the 
gulleries. He made a personal visit to the beds and agreed 
with the statements made in previous Quarterly Reports 
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as to the destructive action of the gulls. The chart shows 
three gulleries, viz., The South End of Walney Island, 
Cockerham and Wyresdale. Mr. Fowler informs me that 
he knows of three additional places, viz., Ravenglass, and 
the two on Holker Mosses. 

If the noteworthy decrease in the value of the shell- 
fish industry had been limited to Flookburgh, one would 
have had no difficulty in coming to the conclusion that 
gulls were mainly responsible for it. Unfortunately, 
however, on comparing the money value of the shell-fish 
landed at the Lancashire ports during the last four years, 
as given in the December reports drawn up for the Com- 
mittee, one finds that there has been a general decrease in 
the money value of the Lancashire shell-fish industry from 
1908. The value of the shell-fish landed at the Lancashire 
ports in 1907 showed a net increase of £5,117, compared 
with the value in 1906. This gain was made up by an 
increase of £2,645 at Morecambe, and £1,558 at Cark. 
Southport, Fleetwood and the Lune Estuary contributed 
practically the remainder of the gain. The money value in 
1908 showed a net decrease of £4,098. The loss of fully 
half of this sum occurred at Southport. Lytham, Fleet- 
wood, Morecambe and Cark divided the remainder of the 
loss. In 1909 a further net decrease of £4,447 took place. , 
Morecambe suffered to the extent of £2,158. Cark and 
Southport lost practically £1,382 each. Out of the nine 
Lancashire ports only two showed any increase over 1908. 
Fleetwood improved by £917 and Barrow District by £99. 
The general decrease in the money value of the Lancashire 
shell-fish industry especially during 1909 is not due 
entirely to the destruction brought about by gulls. 

All shell-tish beds have many natural enemies. Plaice 
and flounders feed vigorously upon small mussels and 
cockles. We generally find when flat fish are. plentiful 
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near the shore during the summer and autumn, that they 
have been attracted by the abundance of small shell-fish. 
The common starfish or crossfish soon destroy a mussel 
bed once they settle upon it. Gulls, as we know, help very 
considerably to destroy young cockles. They have doubt- 
less done so from very early days, and if unchecked can 
cause great local destruction. 

The chief cause of the fluctuation of the fisheries for 
shell-fish along the Lancashire coast is due to natural 
influences. Some marine animals are more susceptible 
than others to the climatic changes that are always going 
on around us, and naturally suffer from a sudden rise or 
fall of the temperature of the sea. The eggs produced by 
a spawning cockle are fewer in number than is the case 
with the mussel, and spawning takes place in the early 
spring. The spat from the bed of cockles may, therefore, 
be completely destroyed by the sea water becoming 
suddenly cooled as it flows over the surface of very cold 
sands. A whole year will elapse before another production of 
spat will take place. An intense frost will kill large numbers 
of cockles wherever its influence is felt. In the winter of 
1894-5 the whole of the Lancashire coast line was ‘covered 
with ice-floes for a considerable time and many hundreds 
of tons of dead cockles were washed up by the first gale 
after the frost had disappeared. The extreme cold of that 
winter had a marked effect on the fishery at Flookburgh 
and the total quantity of shell-fish sent off during 1896 
was only 743 tons. The beds may become sanded up by 
heavy seas washing over them, or through the shifting of 
the numerous channels, and the shell-fish are smothered. 

Over-fishing may also occasionally take place, and it 
is a well known fact that some beds take longer than others 
to produce marketable shell-fish once they have been 
depleted. The fisherman to his own advantage ought to 
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take great care of the undersized shell-fish, because after 
all these are the hope for the future. The small cockles 
for instance that pass through the riddle ought not to be 
left in heaps to shift for themselves. They ought tc be 
spread out a little and lightly forced back into the sand. 
If the heaps are simply left untouched they are exposed to 
the attacks of the gulls, the frost of winter, or the warm 
sun of the summer, and none of these influences are good 
for the welfare of a cockle bed. A female cockle begins 
to produce spat when it is between two and three years of 
age and it is at this period that it becomes marketable. It 
therefore follows that if large quantities of cockles which 
just fail to pass through the legal riddle are taken away 
between the autumn of one year and the spring of the next, 
the repopulation of a bed by a fresh supply of young will 
be greatly retarded. 

The present condition of the cockle industry at Flook- 
burgh is unsatisfactory and young cockles are very scarce. 
One bag of marketable cockles per man each tide is all 
that is being obtained. The suggestions given by Dr. 
Jenkins in his Quarterly Reports ending December, 1904 
and 1905, afford the best solutions to counteract the present 
decrease in the population of the Flookburgh beds. They 
are (a) Advice to the fishermen not to sell on commission ; 
(6) The exemption of gulls from the provision of “ The 
Wild Birds Protection Act.”; (c) Restriction of the use 
of the “‘ Jumbo ” to a minimum, or even its total abolition. 
A reduction in the number of gulls could easily be brought 
about by destroying the eggs in the nesting season. I do 
not think the total abolition of the “Jumbo” would be 
regarded as a hardship by the fishermen as some of them 
that I met at Flookburgh voluntarily suggested it, stating 
that many cockles brought up to the surface by its use are 
not marketable. Care should also be taken to spread the 
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small cockles that pass through the riddle, and press them 
into the sand. Ifa supply of small cockles can be secured 
in the spring an attempt should be made to restock parts 
of the Flookburgh area. 

The following table gives the amount, in tons, of shell- 
fish sent off by rail from Cark Station during the last 
twenty-eight years. The figures, with the exception of 
those for 1908 and 1909, have been taken from the notes by 
Mr. W. R. Nash, “ Cartmel District Weather and Farming 
Notes.” The Lancashire Sea Fisheries Committee was not 
in existence during the first eight years of this period and 
in the twenty years that have elapsed since its institution 
the quantity of shell-fish sent away from Cark Station 
each year has only once been less than the quantity dis- 


patched in 1886. 


Year. Tons. Year. Tons. 
IC/S Zid cnc eee 2,827 SO OE aah acs vos hema 930 
(22 9,665 MOOT jal eae 9,011 
eee... iene IEE re 1,797 
ILGICH) 5 eee 861 1 CGE) RC eer ted 1,286 
LCC noel 662 TROON e 3) 0 oS sre 1 ODS, 
ea 1,040 MG Of ee 1,250 
ee... 1,616 IUD ais een 1,232 
OOS). sitaassa nae 2,488 USO oie we a 885 
( ——— 3,161 10. eect 770 
Uhl 2,749 IS IUD eee eaters aL o94 
Ci onde eee 1,684 113) ONC) pctin ae easel 1,009 
[03 35 ol 1,336 ORAS es ol.) eae 1,647 
(0) 1,218 LCV a ae 1,374 
2) hy MOO 8. Sec. ae 718 


The majority of the cockles dispatched from Flook- 
burgh find their way into the cotton districts of Lancashire, 
and when any disturbance takes place in the cotton trade, 
either through scarcity of work or lock-outs, it is said 
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that the demand for cockles falls off. Mr. W. R. Nash in 
his monthly notes for 1908 on the sand fishery at 
Flookburgh, makes the following remarks: “ Owing to 
the impoverished condition of so many cotton workers and 
traders, and others dependent upon them for a living, the 
demand for cockles has fallen off very much, and during 
several weeks double the quantity actually sent could 
have been supplied had there been any demand.” The 
quantity of shell-fish sent away from Cark in 1908 shows 
a reduction of 273 tons when compared with 1907. Some 
of this reduction at any rate was probably due to the 
depression in the cotton trade in 1908. 
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PN EENSIVE STUDY OF THE MARINE 
PLANKTON AROUND THE SOUTH END OF 
THE ISLE OF MAN.—PART ITI. 


By W. A. Herpman, F.R.S., AnpREw Scort, A.L.S., and 
W. J. Daxtin, M.Sc. 


[ Expianatory Notr.—The work was carried on in 
1909 very much on the same lines as in the two previous 
years. The same localities were fished, and the same nets 
were used, with the addition of a few improved forms to 
be discussed below. Mr. W. Riddell again gave most 
efficient help in the operations at sea, and Mr. Scott and 
I have divided the work of preparing this report in 
exactly the manner that was stated in last year’s Intro- 
ductory Note. Mr. W. J. Dakin (now Demonstrator of 
Zoology in the University of Belfast), while working at 
Port Erin as “1851” Exhibitioner in Zoology of the 
University of Liverpool, in April, 1909, took entire charge 
of our hydrographic observations at sea, and of the 
subsequent working up of these in the laboratory. When 
IT had to return to Liverpool, in May, Mr. Dakin continued 
both the planktonic and the hydrographic observations 
with some of our nets and instruments, but according to 
a modified scheme, taking samples twice a week during 
the greater part of the summer. As this portion of the 
work, although planned under my direction, was carried 
out wholly by Mr. Dakin, Mr. Scott and I invited him to 
join us as part-author of this report, and consequently the 
section on hydrographic results has been drawn up by 
Mr. Dakin, and he has also helped me in some of the other 
sections. 

R 
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We are indebted to Mr. Chadwick for much help at 
the Port Erin Biological Station; to Mr. Riddell for his 
assistance in the Liverpool Laboratory in analysing, 
comparing and discussing the results of the many hauls 
taken during the year; and to Miss Lewis for the 
numerous statistical lists, tables of occurrence and curves 
which she has drawn up. Mr. Riddell and Miss Lewis 
have been most helpful during the writing out of this 
report, and have saved me much time by preparing 


the material for me to consider and _  discuss.— 
W. A. Herpman. | 


INTRODUCTION. 


We shall first under this heading give an account of 
how the work was carried out in 1909. Then will follow 
a section on the hydrographic conditions off Port Erin. 
Finally, the planktonic results will be discussed in detail. 


THe MATERIAL AVAILABLE. 


The collections made this year have been more 
numerous than in either of the previous years, but for the 
most part fall into the same series of samples, and are 
therefore directly comparable with those of ‘07 and ’08. 
The total number of samples now examined in this 
intensive study of a small marine area is nearly 2,000, 
made up as follows :— 


In Ba 


aa ee - 
Year. At Sea, from Yacht. | throughout | Mr. Dakin’s Totals. 
Spring. Autumn. | Year. hauls. | 
a ——— eee eel cons -———$ | $$ | ———— 
1907 218 279 | 138 eae 635 
1908 156 242 | 157 / — 555 
1909 329 147 | 231 49 756 


Totals ...... 703 668 | 526 | + 49 | 1,946 


| | | 
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It will be seen, moreover, that each of the three years, 
and each of the three vertical columns, is represented by 
a substantial number of gatherings, and that these 
numbers are fairly equal, lying as all six do between 526 
and 756. | 

Of the total number (1,946) of samples, a small pro- 
portion (73) were taken with larger nets—the shear, the 
Yngel and the large Nansen—which cannot be regarded 
as comparable with the rest. The shear appears to catch 
about 15 times as much as an ordinary small tow-net, and 
the large Nansen (100 cm. in diameter of mouth) about 
10 times as much. The Yngel has at least the same 
catching power as the shear net. Of the remainder, 511 
are hauls taken with vertical closing nets (Hensen and 
Nansen), not very different in size and catching power 
from the ordinary tow-nets of 144 inches diameter of ring, 
with which the other 1,362 samples were obtained. Of 
course individual nets differed somewhat in their catches 
according to the shape and make, but when seven of them 
(elensen, Nansen,’ “ Weight,” “Otter,” “ Coarse,” 
“New,” and “ Old”) were used simultaneously day after 
day, we believe a useful roughly approximate idea of the 
proportional variations in the plankton can be obtained by 
averaging the hauls so as to get a single figure per net for 
each locality (see below, pp. 845-349). 


OUTLINE OF THE YEAR’S Work. 


Throughout the year, from January Ist, 1909, to 
December 29th, Mr. Chadwick took “ official” gatherings 
across Port Erin Bay, generally twice a week, and some- 
times more frequently. The 8.Y. “ Ladybird ” (fig. 1) was 
fitted out for the season towards the end of March, and 
her first plankton trip was on March 27th. From that 
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time to April 26th she was constantly engaged in this 
work, and obtained 329 collections on 23 working days. 
During that period we have the yacht gatherings taken 
at various stations (see fig. 2) out at sea (up to 12 miles 
N.W. of Bradda Head), and also the “ official ” gatherings 
taken across the Bay. After April, Mr. Dakin, from a 


Fig. 1.—8.Y. “ Ladybird” on a Plankton cruise at Easter, 1908. 
From a photo by Edwin Thompson. 


small sail-boat, continued the work at sea in a modified 
form from May 3rd to July Ist inclusive. The 
‘Ladybird’ took collections again almost daily from 
August 3rd to 11th (147 gatherings in 8 working days). 
After that date we have only the official gatherings in the 
Bay up to the end of the year. 
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Meruops AND HQUIPMENT. 


The methods of work were practically the same as in 
the previous two years. It may be useful to repeat here 
the same little map that was used last year in order to 
show the localities at which the gatherings were taken. 
The nets used throughout the three years have been :— 
Two closing vertical nets, the Nansen and the Petersen- 


OFF PORT ERIN  l.o.M. 
° ! 2 3 ce G 
jt i fi 


Fic. 2.—The Offshore Plankton Stations. 


Hensen, a weighted and two surface, open, horizontal 
tow-nets, all made of No. 20 bolting silk; and, in addition, 
some coarser silk tow-nets (Nos. 3, 6 and 9 silk) and the 
larger-meshed shear-net and Yngel trawl. 

In the equipment for the present year, while keeping 
the older nets for the sake of continuity and comparison, 
some new ones were added, viz., a large Nansen, 100 cm. 
in diameter of No. 3 silk; and a series of ‘“‘ funnel” nets 
(fig. 3) which will be referred to again below, one of them 
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being attached to a small otter-board worked from the 
ship’s side far forward for comparison with the others at 
the stern. : 

The yacht was furnished with a small “ Lueas ” 
sounding machine, having 400 faths. of steel piano wire, 
which has been found to be of service in giving rapid and 


Fic. 3.—‘‘ Hensen,” “ Nansen,” ‘‘ Funnel” and “ Open” Plankton 


nets on “‘ Ladybird.”” From a photo by Edwin Thompson. 


accurate soundings, and for the water-bottle and ther- 
mometer in the hydrographic work, and also on occasions 
for taking vertical hauls with the Nansen net (fig. 4). 

We have also added to the equipment for the 
hydrographic work an Ekman Water-bottle provided with 
Richter’s thermometers and, for occasional work, the 
lighter Buchanan-Richard (or ** Monaco”) Water-bottle 
(fig. 5) as used on the Prince of Monaco’s scientifie yacht 
“ Princesse Alice.” 
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Fo natn ingpaewsing oaliple 


Fie. 4.—Lucas Sounding Machine, as used with Nansen 
vertical closing net on “ Ladybird.” 


Fic. 5.—The 
‘*Monaco’’ Water- 
bottle ; on the 
right descending 
open, on the left as- 
cending closed. The 
messenger (on the 
line) which strikes 
the lever, raises the 
pin and so allows 
the brass bottle to 
reverse and _ close 
itself, is seen in each 
case at the top of 
the figure. The two 
projecting sockets 
are for the reception 
of a thermometer 
which reverses with 


the water-bottle. 
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HYDROGRAPHIC CONDITIONS OFF PORT ERIN 
IN APRIL TO JUNE (Drawn vp sy W. J. Dakin). 


This is an account of the hydrographical observations 
made in conjunction with the plankton work carried on 
by Professor Herdman in April, and of those made in 
May and June whilst taking plankton samples myself. 
The former, which are in greater detail, were carried out 
on the steam yacht ‘“ Ladybird,” the latter on a small 
sailing boat. I have dealt chiefly with the temperature 
and salinity of the water, but some oxygen determinations 
were also made during April. Im order to . discuss 
differences in catches of nets at different times and 
places, it is necessary to know the prevailing conditions 
of environment affecting the plankton, at those places. 
The observations are confined practically to two stations 
(I and III). They have, however, been very numerous 
and probably such an intensive study at stations isolated 
from the larger land masses is of rare occurrence. 

Much of the German quantitative plankton research 
has been carried out on the Baltic Sea, where the 
hydrographic conditions are most varied and interesting, 
but may, I think, lead to rather one-sided views. It is 
quite obvious, for example, that if the surface salinity is 
only 18 °/,, and that of the bottom water is 26 °/,, 
it will make a marked difference in the plankton. It 
seems natural under such circumstances to correlate 
changes in plankton with changes in the hydrographical 
conditions. 

These great changes, however, may completely mask 
other smaller variations which exist in places where the 
salinities and temperatures are approximately alike. It 
is under these latter conditions that plankton problems 
must be attacked in the Irish Sea, which is, as far as 


Se se 
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affects the plankton, practically a homothermic and 
homosaline water mass. 


TEMPERATURES IN APRIL. 


The surface temperatures have been taken with 
Richter thermometers divided into 74°C. and provided 
with Charlottenberg certificates. The correction has been 
applied in all cases. The deeper temperatures have been 
taken with a Richter reversing thermometer attached to 
an Ekman Water-bottle. Two thermometers should be 
used, or temperatures be taken twice at the same depth 
(and not in succession), in order to check the readings, 
since the best reversing thermometers may at times 
prove fickle. For comparison there exist at present only 
some records taken in recent years by Mr. Johnstone on 
board the “‘ James Fletcher’ at two stations not far from 
the Isle of Man, and a few taken by Mr. Drew on the 
“Ladybird” during the summer of ’08 at our two 
Stats., I and III, lying 5 miles and 2 to 3 miles outside 
of Bradda Head, respectively. 

Stat. I. 5 miles N.W. Bradda-—Corrected temperatures. 


APRIL. 
oo = aaa Oe 46101 
5 6 , 8 9 13 14 
a SS ae es ne ne en 
ae a a: Ara eG aaa aa 
ge? 762 721871 a 
Eat BA Yi, shee a ps ae 
0 7892 7872 #722 719 717 —. 742 
ae iM a i i Ss aopaeaMaeas 
15 19 21 23 o4 26 
me... “7 |=67620—~=COTBTSC“(<ié‘zz« OTT OLD 
ae Cor Pee oi aa Si 
(| a 739 #748 #752 — 765 778 
os ee iat ie ea eo GRE 
renee Re ag (LL gee Pane 


25 PIAA dics ibdae ess 7°32 — -— 
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Stat. LIT. 3 miles N.N.W.Bradda--Corrected temperatures. 


APRIL. 
Depth. ee 
5 6 8) 13 14 15 
0) fathoms... 6:37 6-92 9-52 7-42 162 7-84 
5 ages ee Leer — — — — T:47 7:67 
10 Bia Sie eae le a 7-02 ? 7-47? 6-82 — = = 
15 Rit setae 7-10? 7:58 ? — 7:17 7:37 7:37 
20 5 IO ay yada Seles — — 7-10 =e — a 
Li 19 2a 24 26 
Ol fathoms: .:..s 7°72 7-80 7-92 7-92 8-17 ‘< 
5 gars) teas 7-64 7:69 — 7:70 8:07 
10 1 De ee ee =: — — 7:67 7-82 
15 Sane rie. 7-52 7:47 — 7-65 7-75 
yore a Le Vee Be i ai Es 


It will be seen that at both stations there has been a 
steady and slow increase in the temperature throughout 
the month, with one exception, on the 8th and 9th, when 
an abnormal rise was noted, which fell during the 
following days to the normal. The curves are, however, 
not much broken up—that is, the minor temperature 
variations referred to by Johnstone* have not been of 
ereat magnitude, nor of frequent occurrence. ‘This is 
probably due to the isolated position of the Isle of Man 
and the freedom from such disturbances as are caused by 
a rising tide passing over heated sandbanks. 

It will be seen that the change noted on the 8th and 
9th is of far greater magnitude at Stat. III, near the land, 
than at the 5-mile station, and in fact the coldest and 
warmest surface temperatures were observed at the 
in-shore station. During January, February and, 
perhaps, March the lowest temperatures will be at 
Stat. III, whilst in April and the following months the 
temperature will be on the average slightly higher (as the 
tables for April indicate), but a succession of abnormally 


* Lancashire Sea-Fisheries Laboratory Report, p. 73, 1908. 


" 


a 


SEA-FISHERIES LABORATORY. 265 


warm days in February or March would quickly affect 
the water at Stat. III, and similarly a sudden fall in 
April, reversing these conditions. The great rise that 
has been referred to above and also its effect on the 
vertical distribution of temperatures can be traced quite 
easily to the weather conditions. After a prolonged 
period of cold weather with a steady thermometer, there 
followed three or four abnormally fine and hot days (the 
temperature of the air only reached that attained at that 
time on about five days between then and July 16th). 
From the 6th to the 9th the sea was calm, there was 
practically no wind, and continuous sunshine prevailed 
during the day. The result was a very considerable 
heating of surface water, the deeper water, however, 
remaining unaffected. The minor increase on the loth 
was due to a similar though less marked cause. 


VerticaL DistRiBUTION OF ‘’EMPERATURE. 


These records, though taken in shallow waters, with 
the exception of one series made in water of over 60 faths., 
are not without interest, and seem to support the view 
that the Irish Sea is practically a homothermic water 
mass, though Johnstone states that in 60 cases the bottom 
water was coldest, in three cases was warmest, and in 
three cases was the same as the surface. 

My records are as follows: —From April 8th onwards 
10 series were taken at Stat. I, 9 series at Stat. III, and 
1 at Stat. A in deep water. In every case the bottom water 
was colder than the surface water, but by very small 
amounts. In all cases but four the difference between 
surface and bottom water was less than half a degree. 
These four cases occurred on the 8th and 9th of April. 
The differences between surface and bottom were 0°96° C., 
075° C., 242° C., and 0°53° C. The greatest of these 


differences is less than those observed by Drew on the 
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“Ladybird” in the summer of ’08, and all may be 
explained by the abnormal heating of the surface water, 
as can be readily seen from the curves. If the 10 fath. 
temperature be compared in those four series with the 
bottom (20 faths. in three cases and 60 faths. in the other) 
the differences are only 0°01° C., 0°05° C., 0:28° C., and 
032° C. respectively. Thus, where the difference was so 
great as 242° C. between the surface and the bottom, a 
difference of 2°14° C. existed between the surface water 
and that at 10 faths., plainly due to the heating effects of 
the sun. I find, therefore, no great difference between 
surface and bottom water, always less than half a degree 
except on abnormal occasions, and a difference of over 
2° C. can be produced solely by the action of the sun’s 
rays on the surface water. Such small differences can 
scarcely be used as evidence for the inflow of colder 
currents from without, and I imagine will exercise no 
perceptible influence upon the vertical distribution of 
planktonic organisms. 


SALINITIES IN APRIL. 


The samples of sea-water examined were taken with 
the Ekman Water-bottle, at the same time as the 
temperatures. The remarks made with regard to the 
frequency of the determinations of temperature apply, 
therefore, with equal force here, though the temperatures 
will naturally vary and be affected by weather conditions 
to a greater extent than the salinity. The salinities have 
been determined by titrations of chlorine by Mohr’s 
method, using the Knudsen apparatus and referring the 
results to standard sea-water. The salinities, etc., were 
then calculated by means of Knudsen’s hydrographic 
tables. T° is the temperature (Centigrade) of the water 
in situ, Cl °/,, is the amount of chlorine per 1,000 parts of 
water, and §°/,,. is the salinity. 
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stat. I. 5 miles N.W. Bradda. 
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Stat. LIT. 2 to 3 miles outside Bradda. 


Date. Depth in lig Ol ice She 
fathoms. ; 

April 5 0 6-37 18-99 34-31 
Be 10 ie: 18-96 34.95 
te 0 6-92 18-91 34-16 
ramen: 10 te 18-93 34.20) 
oe 0 9-52 18-87 34-09 
me 0 7-42 18-83 34-02 
"43 15 71-17 18-89 34-13 
et 0 7-62 18-86 34.07 
Sead 15 7-37 18-87 34.09 
Bis 0 7-84 18-91 34-16 
SAAB 5 7-67 18-87 34.0) 
a tab 15 7-37 18-89 34-13 
EG 0 7-8 18-92 34-18 
peat: 20 a 18-92 34-18 

ieee 0 7-80 18-90 34-14 
rag 5 7-69 18-86 34-07 
eo 15 7-47 18-90 34-14 
, 28 0 7-92 18-93 34-20 
"93 5 nt 18-91 34-16 
” 98 10 a 18-91 34-16 
aa 15 2G 18-92 34.18 


Stat. A. 13 miles N.W. Bradda. 


Date. Depth in fg Clas a ee 
fathoms. 

April 7 0 a 18-90 34-14 
se ART 20 _- 18-88 34-11 
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On the whole, these results will be seen to agree with 
those of Bassett,* which have been carried out over a more 
extended area. In 14 cases out of 21 series the difference 
between the surface and bottom is 0°05 °/,,or less, and since 
the experimental error may be 0°02°/,., 1t will be seen that 
the actual difference between surface and bottom water 


is but small. In 8 cases it is only 0°02°/,, or less. The 


greatest differences, as might be expected, are at the deep 
Stat. A in mid-channel, and are 0°24 °/,, and 0°33 °/,, 
respectively. In seven cases the surface is more salt than 
the bottom, in eleven cases less salt, and in three cases 
the same, though, as before mentioned, where the 
difference is only 0°02 °/,, it is too small to allow any 
deduction to be made. The salinities are on the whole 
high, but agree with Bassett’s figures for the Gulf Stream 
water at his Stats. 5, 6 and 7 (spring ’08, and for the May 
observations 09). One might infer from this that Port 
Erin was one of the places nearing the northern limit of 
this current to the West of the Isle of Man, since two 
samples of water which came from a place North of Peel 
in the northern tide were very different from any taken 
off Port Erin. The salinity was only 33°73°/,,. I do not 
think that the small differences, either in vertical 
distribution or from day to day throughout the month, 
would cause any great changes in the distribution of the 
plankton, but a sudden lowering of the surface salinity 
by heavy rain, which would affect the plankton of the 
upper layers only, might cause a descent. The influence 
of hght and the alternation of day and night will 
probably produce far greater changes.t With regard to 
temperatures, a prolonged period of cold weather will 


* Lancash. Sea-Fisheries Labor. Report for 1908, p. 44. 


+In a series of tow-nettings taken at intervals of three hours 
during 24 hours at Port Krin a great difference is noticed between the 
surface catches taken at night and those during the day. 
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probably keep back certain forms, and the steady rise 
throughout April may influence these organisms. 


OxYGEN DETERMINATIONS. 

In these first oxygen observations for the Irish Sea, the 
method employed was that of von Winkler, which was 
used by Natterer in his work on the “ Pola” expedition. 

A number of bottles with well fitting glass stoppers, 
and holding about 275 c.c., had the volume accurately 
determined by weighing bottle and stopper, at first dry 
and then filled with distilled water, the stopper being 
placed in so that no air bubbles were by any chance 
included. The glass stoppers must have no hollows under- 
neath where air bubbles might possibly collect. The water 
was collected as for salinity samples by the Ekman 
Reversing Water-bottle, but a piece of indiarubber tubing 
was fixed to the tap on the bottle and the end let down to 
the bottom of the glass bottle, so that the water ran in 
when the tap was opened without splashing or enclosing 
air bubbles. The procedure on the yacht was as follows: 
A bottle was completely filled with the sea-water to be 
examined. By means of pipettes with long narrow stems, 
first 2 c.c. of concentrated solution of NaHO (36 gr. pure 
caustic soda in 100 c.c. of distilled H,O, to which 10 gr. 
of potassium iodide are added) and then 1 c.c. of 
manganous chloride solution (40 gr. MnCl,4H.O in 
100 c.c. dist. water) were introduced carefully, so that 
they remained at the bottom of the bottle. The stopper 
was then inserted, causing some sea-water to overflow, 
and the bottle well shaken and brought back to shore for _ 
further treatment in the laboratory. The precipitate was 
allowed to settle and then 2 ¢.c. or more fuming hydro- 
chloric acid were added, which dissolved it, the reaction 
setting free a quantity of iodine, equivalent to the oxygen 
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combined in the precipitate, which was the quantity 
formerly in the sea-water of the sample. This solution of 
iodine was now titrated against standard sodium thio- 
sulphate solution, using starch solution as indicator. It 
is very important to test all the reagents first; addition 
of the hydrochloric acid to the caustic soda solution 
containing potassium iodide must cause no liberation of 
iodine. 

The number of samples analysed was thirty-one. The 
accuracy of the analysis, however, was not like that for 
chlorine. For the surface water the results were 6°5, 6°82, 
668, 6-8, 6°8, 6°8, 6°6, 6°6, 6°76, 676, 6°4, 6°57, 68 c.c. 
per litre of water, and for water from twenty fathoms 
6-30, 6:30, 6°60, 6°30, 6°30, 6°60, 6°73, 6°38, 6°38, 6:36 c.c.°/,, 
in all cases less than the figures for the surface water at 
the same station. No particular changes were noticed 
during the month. These figures correspond with those 
of Niels Bjerrum for Baltic waters in ’03-’04, which also 
show a general decrease of oxygen with increase in depth. 


TEMPERATURE AND SALINITIES DURING May AnD JUNE. 


These observations are given separately from the April 
results since they were made at a different station (which, 
however, corresponds fairly well with Professor 
Herdmian’s Stat. III of the “ Ladybird ” observations), 
2-3 miles out from Port Erin breakwater well outside the 
“ Bowlane Tide’ running down the Manx coast North of 
Port Erin. Like the April observations, they were made 
in conjunction with plankton catches (quantitative), and 
twice a week, on Mondays and Thursdays, if ‘weather 
permitted. A sailing boat was used, the water for 
salinities was taken by means of the Monaco Water- 
bottle, and the surface temperatures with the usual 
Richter thermometer. 

8 
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The particulars of the plankton catches are given 
elsewhere in this report. 


TEMPERATURES. 

May 3... 8&-075°C. May 28... 9:57°C. June 19... 10-15°C. 
ee Gos SEG June 1... 10-45 5» 22... 11-65 
ga SES ie 8-70 oy tht hee. EOS. > 2bik eee 
aed I ey 8-87 ay Wes eee LE oo Bete See 
45 eka 9-20 XL VO Ob July Jee 
a the ROOD 


On the whole, the same rise of temperature with 
irregular variations, as seen in April, is continued. 


SALINITIES. 


The samples were all surface water with one or two 
exceptions, since there appeared to be practically no 
difference between surface and deep water at this depth 
(20 faths.). 


Cl ee 8 les 
Date ——— —— a 
Surface Deep Surface Deep 
May Flaite scsicenc| 18-886 18-886 34-11 34-11 
Be bere torr,” 18-886 18-916 34-11 34-16 
ay rae rates nem 18-886 — 34-11 -- 
se St eee er 18-930 — 34-20 — 
dune |) Ac eaencesee 18-900 — 34:14 -- 
by hh) Pe cabs meee 18-905 — 34-145 _- 
oie) ub eecne sewer 18-920 — 34-18 — 
ENS <M rdnccetae 18-89 — 34:13 — 
PN Bs Aire ke 18.90 — 34:14 — 
PR EDS Pe 18-90 — 34-14 — 
sf eae neaee 18-87 — 34-09 -~ 
ge ee Re 18-88 18-94 34-11 34-22 
GUY + Pic sakecte tens 18-93 _— 34-20 _ 


Ed + see SS > ES eds eB = SS Se ee Se 


The salinities show very little fluctuation throughout 
the two months. The small variations can scarcely be 
correlated with weather conditions at Port Erin, except 
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that the lowest observation, that of June 22nd, occurred 
after rain. Since, however, the water from which the 
samples were taken had moved from some other district, 
it is quite obvious that variations might be determined by 
weather conditions elsewhere. There does not appear to 
have been any particular change in either temperature or 
salinity conditions accompanying the sudden disappear- 
ance of the Diatoms between May 21st and 28th. The 
differences between surface and bottom salinity on the 
three occasions when samples were taken are 0:00, 0°05 
and 0°11 respectively. 


PLANKTONIC RESULTS. 


Under this heading we shall consider the plankton of 
Port Erin Bay and that of the open sea outside, the 
distribution of the more important groups, such as 
Diatoms and Copepoda, and of selected genera of these 
and other groups, the proportions of Oceanic and Neritic 
species in our fauna, the relation of the plankton to 
sunlight and its distribution in depth, the plankton as the 
food-supply of the sea, and finally shall discuss the 
results obtained by different types of net. 


PLANKTON OF Port Erin Bay. 


Our aim has been to obtain tow-net gatherings taken 
across Port Erin Bay on at least two days in each week 
throughout the year—both fine (No. 20 silk) and coarse 
(No. 9) nets being used on each occasion, thus giving four 
gatherings in each week. Mr. Chadwick (by whom most 
of these “ Bay” gatherings were taken) has carried out 
our intentions so well that we have in all 231 samples, 
and these represent every week in the year except the 
second week in January, a time of continuously bad 
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weather. The lowest records for any month are 
14 samples in May, in July and in October, and the 
highest are 32 in February and 33 in March. The average 
per month is thus nearly 20 hauls. 

The coarse and the fine net obtained very different 
samples, both quantitatively and qualitatively. For 
example, as a rule the coarse net caught more adult 
Copepods, and the fine net more of the Nauplii. Conse- 
quently, by adding the two hauls together we get what 
may be regarded as a representative sample of the 
plankton obtainable in one traverse of the bay. In 
January there were 11 hauls of the coarse net ranging 
from 1 to 4 c.c. in quantity, and 11 hauls of the fine net 
ranging from 0:1 to 14 c.c.; and if each pair of hauls be 
treated as one, the range for the month is 1°2 to 54 «.c., 
and the average double-catch is 2°2 c.c. In the following 
table the numbers of the Diatoms and other leading 
groups of organisms have been treated in a similar 
manner :— 


Double Average Diatoms. Dinoflag- Cope- Copepod 


hauls. Catch. ellates. poda. Nauplii. 
a En Peper 11 2-2 12,062 486 5,608 1,766 
Rebs: 3..0i3 16 1-76 23,998 178 1,708 658 
Maris cdecas 16 2:5 77,423 273 1,168 944. 
ADT sare 8 14:08 1,961,333 8,171 1,269 4,498 
MSY Seen 7 24-07 1,166,537 30,957 7,701 18,141 
UIE: gon 9 22°9 2,612,156 25,848 10,644 20,867 
SHES ease? 7 10-05 153,616 9,393 16,624 23,969 
AUG. cosets 7 6-84 8,319 3,440 20,078 14,893 
Sept. ...... 1 12-15 574,571 814 14,442 19,786 
Oet.7) 3.4 a 5-97 27,914 289 28,935 15,879 
INO Vast 8 3°73 79,244 3.099 7,190 4,778 
DEO. "owas 9 4-0 37,626 2,133 8,258 4,153 


This shows that the maximum catch, so far as 
volume is concerned, was in May; that the Diatoms have 
an extended maximum from April to June, with its 
climax at the end; that the Dinoflagellates are most 
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abundant in May and June, and especially in May; that 
the adult Copepoda go on increasing till August, and, 
after a drop in September, attain their highest point in 
October, while the Copepod Nauplii, as might be 
expected, precede the adults with a peak in June and 
July, and another in September. 

If we compare this record with those of former years, 
it will be seen that in the important period of March, 
April and May the present year is closely similar to ’08, 
and very different from 07; in June, July and August it 
is intermediate between ‘07 and ’08; in September it 
shows an increase over the two previous years; and 
finally, in October-December it is very similar to ’08. 

The diagram (fig. 6), in addition to the columns 
indicating monthly averages for the three years 
separately, shows, in the outer clear areas to the left, an 
average for the three years taken together in each month, 
and in the black areas on the right the averages for 
the two years 08 and ’09. 

The record suggests the idea that *O7 was an 
abnormal year. The rises in alternate months (April, 
June, August and October) seem unnatural, or at least 
unusual. The two last years (08 and ’09) agree very 
closely, except in June, when ’09 showed far more 
plankton than 08. If we take a median position between 
these two, and connect the tops of the 08 columns by one 
line, and of the ’09 columns by another, the resulting 
curves show a spring maximum culminating in May, 
sinking to its lowest in August and then rising again to 
a smaller maximum in September. This, we think, so far 
as our evidence goes, is probably the usual form of the 
annual plankton curve for Port Erin Bay, and it may be 
seen in the black columns (averages of ’08 and ’09 taken 
together) of the diagram (fig. 6). 
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The spring phyto-plankton maximum in ’09 does not 
show any great abundance of an unusual organism, such 
as the immense swarm of Thalassiosira nordenskioldu that 


invaded the Irish Sea in ’07. 
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Fic. 6.—Diagram of average haul of Plankton per month in the 
three years, separately and combined. 


There was a decided second Diatom maximum this 
year between September 21st and the end of the month, 
very much as in 07. It gradually died away in September 
and October, and then the usual winter species of 
Biddulphia and Coscinodiscus made their appearance in 


November. 


PLANKTON OUTSIDE THE Bay. 


Looking at the plankton outside the bay, as shown in 
the March and April gatherings from the yacht at 
Stat. III, with the fine surface net, and continued by 
Mr. Dakin’s hauls in much the same locality, with the 


SEA-FISHERIES LABORATORY. VATA 


same net, through May and June to July Ist, and then 
by the yacht’s hauls again in August, we find the 
following results :— 

There is a well-marked, but possibly exceptional, 
early Copepod maximum of short duration from April 
1st to 5th. This reaches in a haul 3,000 nauplii, 1,600 
juveniles and 955 adults, is apparently due to a swarm of 
Oithona, and is actually earlier than the phyto-plankton 
increase which usually starts and dominates the vernal 
maximum. 

The Copepoda are more abundant in the surface 
nets than in the Nansen nets hauled at from 20 to 10 
faths. in the earlier part of April (March 27th to 
April 8th), but the reverse is the case in the later part of 
the month (April 13th to 26th). This is not incompatible, 
however, with a general correspondence between the 
surface and the deeper hauls, the two rising or falling 
more or less together. 

There is a marked decrease of Copepoda (as well as 
of the phyto-plankton) during the few days preceding 
April 9th, a period of relatively hot and very fine weather 
for the time of year. ‘The sea-temperature falls again 
between the 9th and the 13th, and at that period the 
Diatom and Dinoflagellate maxima begin. 

In August, when, compared with April, the total 
catch is very small (0°2c.c., say, as against 4c.c.), and 
the Diatoms are at their minimum, the Copepoda are 
fairly numerous, ranging up to about a thousand adults 
and five thousand nauplii in a haul. | 

The vertical hauls with the Nansen net show the 
same Ozthona increase on April Ist to 5th, and also an 
even greater increase of Copepoda a few days later on 
April 14th to 23rd. The latter reaches a height of 5,396, 
of which 5,000 are Orthona. We are inclined, however, 
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to regard these two peaks as unusual, and if they be 
removed the Copepod curve shows a gradual rise during 
May and June. 

The Diatom and Dinoflagellate maxima appear about 
the same time at Stat. III, and are in the surface’ 
gatherings (April 13th), before they appear (Diatoms on 
April 17th, and Dinoflagellates on the 19th) in the hauls 
from 20 to 10 faths. It is not possible to compare the 
actual volumes in these 20-10 vertical Nansen-net hauls 
with those of the horizontal, 15-minutes, tow-net. The 
relative volumes and the daily and monthly variations 
may, however, be compared. | 

The Diatom and Dinoflagellate maxima extend into 
May. The Diatom maximum ends between May 24th and 
May 28th. The Dinoflagellates are relatively more 
abundant than the Diatoms in May and June. 

_  Diatoms and Dinoflagellates, like the Copepoda, 
decrease rapidly in numbers about April 9th, after fine 
weather. | 

Although the Dinoflagellate rise begins only a day 
or two after that of the Diatoms in the second half of 
April, the numbers of the Dinoflagellates keep up better 
and are relatively greater than those of the Diatoms in 
June. 

The end of the Diatom maximum before May 28th, as 
well as the fall in the amount of plankton on April 9th 
and April 23rd, is shown by the Nansen vertical hauls as 
clearly as by the horizontal surface nets. 

~ ‘|'he Nansen net hauls show the Diatom maximum, 
throughout the water down to 20 faths., to extend from 
April 19th to May 24th. During the latter part of May 
and in June the Diatoms decrease in these vertical hauls 
and the Dinoflagellates increase. On June Ist there are 
actually more Dinoflagellates present than Diatoms. 
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Before the middle of June the plankton begins to increase 
in quantity again, and this is seen to be due to z00- 
plankton, which now predominates over the phyto- 
plankton. In fact the Diatom maximum is followed by 
the appearance of Dinoflagellates, and then of Copepoda, 
Sagitta and Medusz, although the increase in one or all 
of these may be due to the normal life-history of the 
organisms and so, perhaps, be quite independent of the 
previous Diatom maximum. 

A remarkable swarm of Lamellibranch larve (pro- 
bably Pecten opercularis) was encountered outside the 
Bay, mainly at Stat. ITI, on April 5th. A few Lamelli- 
branch larve are always present throughout the year. 
On March 31st they reach 1,000, and in the first days of 
April the numbers increase to two or three thousand per 
haul, and then on April 5th there is a sudden increase to 
form the maximum of 117,000 in the fine surface net at 
Stat. III; but other large hauls were taken also that day, 
as the following table shows :-— 


Surf. Surf. Surf. ‘Surf. Hensen. Nansen. Weight. 
Coarse. fine. Old. Otter. 


Stat. I. . 10,000 111,000 19,520 58,800 5,520 1,600 59,000 
Stat. III. 30,000 117,000 24,000 86,000 1,600 2,350 110,000 


The numbers remain high for the next two or three 
days. On the 6th one haul gave 70,000, and on the 7th 
the largest haul was 55,000. After that the numbers 
rapidly fell to 1,000 in June, and with occasional rather 
higher records (6,000 on October 18th), died away to end 
the year as it began with a few hundreds and tens. There 
was no such swarm of Molluscan larve in either of the 
previous years. In ’08 the highest number was 7,500; 
and in 707, 2,500. 
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CoMPARISON OF BAY wiTH SEA. 


The question arises, to what extent do the tow- 
nettings taken across Port Erin Bay give a correct 
indication of the condition of the Plankton in the sea 
outside? On examining our results from Stats. I and III, 
and comparing with the records from the bay, we find as 
follows :— 

Tue Toran PLtanxton reaches a much higher level 
in the sea outside about the middle of May; but in June 
and in August the numbers are higher in the bay. Still, 
on the whole, the two curves follow the same course. 

Tue Diatoms show no appreciable difference when 
those from outside are taken into account. 

Tur DINOFLAGELLATA begin their summer increase 
three weeks earlier in the sea outside, and in the middle 
of May stand at a much higher level, but at the end of 
May and in June, and also in August, they are consider- 
ably lower outside than in the bay. The numbers for 
Ceratium tripos are much higher throughout April 
outside, reaching 15,900 in the weekly average as against 
1,800 in the bay. But, on the other hand, by the end of 
May the bay numbers have reached 21,000 as against 500 
only outside. 

Oikopleura shows very little difference, but the vernal 
maximum occurs rather earlier outside the bay. 

Sagitta seems to congregate in larger numbers in the 
bay. It is there that all the larger hauls were made (up 
to 2,100), while outside it never reaches 75 in a haul. 

Tomopteris (taking the three years into account) has 
its maximum in the open sea in June and July, while 
inside the bay it has a still higher maximum in October. 

Tur Coprropa agree fairly well in dates, but the 
numbers per hau] run larger in the bay, The largest 
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hauls occur, however, in the autumn, when we have no 
outside data for comparison. 

Tue CiapocERA appear first outside the bay in 
07-08, inside in ’09; the maxima appear to correspond 
fairly closely in point of time, though on the whole the 
numbers run higher in the bay, and the catches remain 
large for a longer time in the bay than outside. 

On the whole, the bay catches are richer per haul, 
but in regard to the periods of occurrence of the various 
organisms there does not seem to be any notable constant 
difference. 


ANNUAL PosITION oF CHIEF MAXIMA. 


We have drawn curves for the three important 
sroups, Diatoms, Dinoflagellates and Copepoda, for each 
of the three years separately, and have also superposed 
the curves for the three years on one sheet in order to 
determine whether the groups appear in succession in the 
same order year after year. It is evident from what we 
have already stated above that the maxima of the whole 
plankton, and also of the component groups, are not 
necessarily in the same months each year—the Diatom 
vernal maximum, for example, may be in March (’07), 
April (09), or May ('08)—but still it is possible, of course, 
that the relative positions may be retained, and that an 
early or late season may affect all groups equally. 

Our curves show in ’07 the Diatom maximum in 
March, while the Dinoflagellate line showed a consider- 
able rise in April and May, and a further higher peak in 
July, and the Copepoda rise keeps about a month behind 
the Dinoflagellates till June, when it runs up to its early 
summer maximum, followed after a depression in August 
by a still greater maximum in October. 

In *08 the Diatom maximum is in May, and the 
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Dinoflagellate curve is consistently a month later and 
reaches its climax in June, while the Copepods have two 
small elevations in March and June and a much greater 
peak in September-October. In ’09 the Diatom record is 
peculiar, since there seem to be two spring maxima, April 
and June, while the Dinoflagellate maximum is in May 
to June and the Copepoda in July and August. 

Consequently, in all three years the order of 
succession of the vernal maxima is the same, and when the 
nine curves are placed together on a sheet, although there 
is of course some overlapping, the Diatoms form an earlier 
and the Copepoda a later group, while the Dinoflagellates 
lie between. 

The autumnal maxima are much less definite. The 
Copepod rise in September-October is the most marked 
and most regular, the Diatom increase is much less 
marked than that’ in spring and is less regular in its 
appearance, while the Dinoflagellate increase, if there is 
one, is still less marked and less constant. 


ImporTANT GENERA OF DIATOMS. 


Last year we took out the five leading forms, 
Biddulphia, Chetoceros, Cosceinodiscus,  Rhizosolenia, 
Thalassiosira, for separate consideration; this year we 
add a sixth, Gucnardia. The first point that one remarks 
in comparing the records for the two years is the close 
agreement in distribution throughout the year in some of 
the cases. In both years Biddulphia begins with 4 
figures in January, works up to 6 figures in April, dies off 
to nothing at the end of May (May 20th in ’08, May 27th 
in ’09), reaches 4 figures again suddenly on September 
14th (1,180 in ’08, 1,200 in ’09), and remains present in 
thousands until the end of the year. The numbers 
become greater, however, towards the end of this year 
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than they were in ‘08, and reach to over 50,000 on 
November 13th and 16th. Again, Chetoceros reaches 
7 figures for the first time on April 27th in ’08, and on 
April 19th and 22nd in ’09, and next on May 20th in ’08 
and on May 12th in ’09; after which the numbers fall 
during the late summer and rise again in autumn. This 
second maximum was, however, both greater and earlier 
this year, reaching 875,000 on September 25th, as against 
70,000 on October 16th, ’08. 

Coscinodiscus runs through thousands and tens of 
. thousands in the first three months of both years, and 
reaches 120,000 on April 15th and 14th, ’08, as against 
65,000 on April 7th, ‘09. The numbers then rapidly 
diminish, and reach zero on June 2nd in ’08 and on 
June Ist in ?09, and remain low with occasional increases 
until October, when they become steadier and rise to 
hundreds, bordering on 1,000, in ’08, and to a few 
thousands (5,500 on December 14th) in ’09. 

Rhizosolenia presents a marked contrast to the above 
species in being practically absent in the first few months 
of the year, and having its single maximum in June. In 
08 it suddenly shows 4,700 on April 13th, and in ’09 
equally suddenly, 5,000 on April 15th; then 40,000 on 
April 19th, 140,000 on May 12th, 500,000 on June 9th, 
1,620,000 on June 12th, and the maximum of 2,600,000 on 
June 15th; ’08 has 150,000 on May 20th, 1,137,500 on 
June 4th, and the maximum of three-and-a-half millions 
on June 30th. 

Thalassiosira is also absent in the early months of 
the year, and begins with 2,000 on April 13th in ’08, and 
4,000 on April 15th in ’09. Last year the numbers 
reached 80,000 on May 20th, and ended with 7,500 on 
June 4th; this year the highest point, 40,000, is on 
April 19th, 10,000 on May 20th, and 1,000 on May 24th, 
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after which the species is unrepresented. If, as seems 
possible, we had in ’07 an immigration of the northern 
species 7’halassiosira nordenskioldu, the numbers seem to 
be gradually diminishing. . 

Guinardia, unlike the last two genera, is present 
throughout the year. It works up from small numbers to 
1,000 in April, 20,000 in May, and to a few millions in 
June—1,500,000 on June 9th, 3,000,000 on June 12th, 
4,000,000 on June Ldth, and 3,500,000 on June 22nd— 
after which the numbers gradually fall to thousands in 
July to September, hundreds in October and November, 
and tens in December. In ’08 the maximum was at the 
same point, and the general course through the year was 
similar; but it did not appear in our gatherings until the 
middle of April—there were usually 1,000 to 4,000 during 
the rest of the month. In May it reached 50,000 on 20th, 
and 100,000 on 30th. The numbers were half a million on 
June 4th, and the maximum of nearly a million, twice, 
towards the end of the month. Then the numbers fell 
rapidly to thousands in July, hundreds in August to 
October, and tens in November and December—a very 
similar record to that of the present year. 

According to Lohmann, at Kiel, Sceletonema, which 
is one of our rarer forms, is the commonest Diatom, and 
attains its maxima in May-June and September-October. 


BIDDULPHIA SINENSIS IN Port Erin Bay, 1909. 


This species of Diatom was first noticed in our bay 
gatherings of November 9th, 09, when 400 specimens 
were counted in the gathering from the coarse net and 
40 from that of the fine. In the following haul on 
November 13th about four times the quantity was present, 
1,600 in the coarse and 200 in the fine; and during the 
remainder of the year to December 17th numbers varying 
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from. 1,000 and 800 down to 100 and 50 were obtained. 
Altogether it was found to be present in 16 bay gatherings 
during November and December, ‘09. In ’08 and ’09, 
Ostenfeld published papers* showing that this Indo- 
Pacific species was noticed for the first time in European 
waters in 03; in the Skagerrak. It was then found to be 
present in quantity in the South-eastern part of the North 
Sea round about Hamburg. From this it spread north- 
wards to the coast of Jutland, and in the following year 
appeared on the Belgian coast also. And so it remained 
for several years. In ’07 it had penetrated to the Baltic, 
to the North of Scotland, and southwards to the entrance 
to the Channel. The Norwegian observations show that 
B. sinensis was present also in the sea off Bergen in 
the same series of years, and recent reports show that it 
has continued in both these sea areas up to the present 
time, in each year reaching a maximum in November and 
the minimum in summer (May). The view is definitely 
held by Ostenfeld that this is a case of an exotic species 
which was introduced accidentally (e.g., by a ship from 
the East) into European waters near the mouth of the 
Elbe, probably in September, 1903; and the rate of 
dispersal from that point is used as an indication of the 
presence and rate of flow of currents. If Ostenfeld is 
correct in his interpretation of the facts, then our record 
shows that the species had extended to the centre of the 
Irish Sea in ’09, and that here, as elsewhere, it reached a 
maximum in November (1,600 on November 13th, and 
1,000 on November 16th, in one haul of a net for 
15 minutes, inside the Bay). It is, however, possible 
that we have in all these records the unusual increase of 
a rare species which had previously escaped observation. 
It must be remembered that during the last decade far 


* Medd. Komm. Havundersog. Plankton, I, 6, 1908: and Internat. 
Revue d. Hydrobiol. u. Hydrogr., August, 1909. 
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more plankton hauls have been taken than was ever the 
case before, and that these collections have been most 
carefully and critically examined by experts. For 
example, in the last three years nearly 2,000 gatherings 
from the sea off Port Erin have been quantitatively 
reported upon, while before that time 50 in the year was 
probably a fair average number, and the examination of 
the material was qualitative only. So it is only what 
might be expected if the minuter and rarer and more 
critical species are now being found to be present where 
previously unrecorded; and we know that species which 
are usually rare may, through some change in the 
conditions, such as the competition with allied forms, 
become temporarily or locally very abundant. We have 
no proof that this is the explanation of the recent 
manifestation of Biddulphia sinensis, and we only mention ~ 
it as being worthy of consideration before we accept as 
established the view that this species is a new immigrant 
from the Red Sea or more eastern waters. It must be 
remembered, however, as telling against this alternative 
explanation, that B. sinensis was not noticed during the 
two first years of our more intensive collecting, and more 
exhaustive examination of the material, and that a 
re-examination now of that earlier material reveals no 
trace of it. We are, therefore, inclined to consider that 
when this Diatom was first noticed in our nets early in 
November, ’09, it had recently entered the Irish Sea for 


the first time. 


CopEPpoDA—ADULTS AND LARVZ. 


In the examination of the catches, the adult 
Copepoda, the Nauplii and the young intermediate stages 
(classed together as “ juveniles”) have been counted and 
recorded separately, and if we represent these records by 
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curves a certain amount of similarity in the distribution 
throughout the year becomes evident (see fig. 7). 

In all three cases the maxima are in the summer s1x 
months, May to October inclusive. In all three cases there 
are two well-marked maxima, the apices of which (taking 
monthly averages) are in July and September respectively 
in the case of the Nauplii and the juveniles, and in August 
and October in the case of the adults. The curve for the 
juveniles is very like that of the Nauplii, but has much 
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Fic. 7. Curves showing distribution of Copepoda (Ad, adults ; 
Juv., young; N, Nauplii) in 1909. 


less elevated peaks. The Nauplii show (on the monthly 
averages) an extensive maximum from the middle of May 
till the middle of July, with numbers ranging from 
18,000 to 24,000 per haul. The curve for the juveniles 
only reaches about 12,000, and that only for a short time 
in July. Then the Nauplii curve shows the second 
maximum in the middle of September, reaching close on 
20,000; while the curve for the juveniles shows that at 
that same time of year they scarcely reached 10,000 per 

net. 
The curve for the adult Copepoda differs a little in 

T 
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form from that for the juveniles. The two maxima are 
present in each, and the apices for the adults are about 
one month later than those for the juveniles—which is 
very much what we should expect. But the numbers for 
the adults are rather greater than those of the juveniles, 
such as 20,000 in July as against 12,000; and the October 
elevation runs up suddenly to close on 30,000, while the 
corresponding peak for juveniles in September reaches 
only about 10,000. It is easy from the curves to see that 
the Nauplius population, after reduction by about one- 
half, becomes the juvenile population; and although it is 
not quite so plain, still it looks probable that the juvenile 
curve is related to that of the adults, the latter being 
possibly reinforced in its October maximum by the 
immigration of swarms from neighbouring seas or from 
the North Atlantic Ocean. 

If we now take the off-shore Stat. I, and examine the 
Copepoda in the same three stages, as caught in the fine 
surface net, we find that during the spring period 
(March 27th to April 26th inclusive) 19 quarter-hour 
hauls of the net in question were taken at that locality 
five miles off Bradda Head. The variation in the 
numbers of the different stages present from day to day is 
most marked in the case of the Nauplii, is less in that of 
the juveniles, and is least in that of the adults. The 
Nauplii run up to about 23,000 (at the end of March), the 
juveniles to 8,000 (on April 13th), and the adults to 2,000 
(on April 2nd and April 21st). With a more complete 
series of statistics one could, doubtless, from the pro- 
portions between the totals, say week by week, arrive at a 
correct estimate of the death-rate at each stage, at the 
different times of year. The above observations from one 
net at one station are probably not numerous enough for 
this purpose, but the figures given—a reduction from 
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23,000 to 2,000—may perhaps be some indication of the 
rate of destruction. 

If we look next at the Copepoda record for Stat. 
III., outside the Bay and along the shore to the North, 
during the period from the end of March to the beginning 
of July, we find that between March 30th and April 5th 
nearly all the commoner species of Copepoda increased, 
but the most marked abundance was that of Ovzthona 
(over 8,000). During the second week in April numbers 
were low, then about April 13th to 25th a more general 
increase set in: first Acartca became more abundant 
(1,600), then Pseudocalanus (2,600), and then Ozrthona 
(over 0,000) again. Numbers were low during the greater 
part of May, till the 21st, when Oczthona again rose (2,750), 
and again (3,800) on June 7th and June 25th (8,530). 
Finally in August this species reached its maximum of 
over 20,000. Acartia is most abundant at beginning of 
June (9,880), and again on June 19th (7,980) and on 
August 3rd (3,900). From this it is seen that the increase 
of Copepoda in spring outside the Bay is mainly due to 
Oithona, in June to Acartia, and in August to Orthona 
again. Pseudocalanus does not rise to any great maxima, 
but relatively to the other Copepoda is more generally in 
evidence in April than in summer. 

It would be more satisfactory if we could be certain 
in every case as to which adult species the Naupli and 
juveniles became. In some of the more important cases 
they have been determined. The Nauplu at Stat. I. on 
April 6th, 7th, and March 31st, and at Stat. ITI. on April 
2nd, 16th, and 17th, are mainly Pseudocalanus, with 
smaller numbers of 7’emora, Acartia and Oithona; these 
three latter were not very plentiful, and the names are 
placed in the order of their relative abundance. Most of 
the 8,000 “ juvenile ’ Copepoda on April 15th appear to be 
early stages of Acartza. 
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Off Kiel, Lohmann finds Ozthona to be the commonest 
Copepod, as we do at Port Erin. At Kiel it is five times 
more abundant than Paracalanus and nine times more 
than Acartia. Lohmann found that at Kiel Pseudocalanus 
had only a spring maximum (March). In Port Erin Bay 
the spring maximum is in May, and a still greater 
increase is found in late autumn (October). 

May is the month for the chief maxima at Kiel 
according to Lohmann, but at Port Erin the monthly 
averages increase from May to August, there being well- 
marked peaks at the end of May and beginning of June, 
the end of July and the middle of August. The end of 
August and the first half of September shows a depres- 
sion, and then comes the greatest elevation in the year 
about the middle of October. Lohmann states that at 
Kiel there are few Copepoda in July and August. At 
Port Erin they are quite abundant then. In the Bay on 
August 2nd, ’09, there were close on 20,000 of Pseudo- 
calanus alone in one net. It looks as if our maxima were 
rather later than those at Kiel, Lohmann’s May maximum 
being represented herein June, and his August depression 
corresponding to the September condition here. 


SELECTED CoPEPODA. 


In our last report we gave the full particulars of the 
distribution in the Bay, throughout the year, of six 
important Copepoda. This year we have taken out the 
same series, along with a few additional forms, as follows: 
Calanus hélgolandicus, Pseudocalanus elongatus, Anomalo- 
cera pattersoni, Acartia claus, Centropages hamatus, 
Oithona similis, Temora longicornis, Paracalanus parvus, 
and Microcalanus pusillus, which for the sake of brevity 
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we shall allude to in the rest of this discussion by their 
generic names. We have again made out detailed lists 
of the occurrences on every occasion in 09, but we do 
not think it necessary to publish these: a comparison 
with last year’s results will probably suffice. 
PSEUDOCALANUS is again one of the most abundant 
forms. It is present throughout the year, and is repre- 
sented in nearly every gathering, and in many months by 
high numbers, for a Copepod. ‘The greatest numbers 
caught in single hauls reached over 3,000 on occasions in 
January, February and March, 7,000 in May, 5,000 in 
June, 9,200 in July, 19,250 in August, 14,000 in Septem- 
ber, and 23,200 and 16,900 in October, 8,100 in November 
and 4,000 in December. ‘These numbers are rather higher 
than those of last year and not quite so high as those of 
07. ,Many of the monthly averages, per net, run into 
thousands, and for October the number is 8,990. In the 
earlier part of April it seems to be more abundant in the 
deeper nets, and later in the month is more on the surface. 
Catanus (see Pl. B, fig. 4) 1s present throughout 
the year, although in some months only a few individuals 
were caught ata time. The numbers remain low, for the 
most part units and tens, during the first four months, 
and then on May 27th run up suddenly to 1,500. This 
was probably an exceptional swarm that entered the Bay, 
as next day the same net caught 95 only. In June the 
numbers were generally in the hundreds, and twice (18th 
and 19th) exceeded a thousand. July was much the same, 
with 1,500 on the 6th and 2,000 on the 21st; August and 
September showed units and tens and occasional hundreds, 
while October had 1,800 on the 16th and 4,200 on the 
18th. The end of the year like the beginning gave low 
numbers only. ‘This agrees fairly well with previous 
years, but the increase in early summer is here later than 
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in ’08, though almost identical in position with ’07 
(fig. 8). There has been in ’09 no evidence of a really 
ereat swarm in July or August such as we have 
occasionally seen in former years; but a chance observa- 
tion made in July shows how easy it is to miss such an 
occurrence. The official gatherings taken on July 15th 
and 21st give no evidence of any unusual numbers, but 


Fic. 8. Curves for Calanus in ’07, 08 and ’09. The dotted line 
shows the average for the three years. 


ordinary tow-net gatherings, taken by Mr. Gravely and 
Mr. Dakin for class purposes on July 17th and 19th, 
yielded enormous hauls of Calanus, only portions of which 
were preserved, but which it is estimated must have 
reached at least 20,000 per net. 

We show here (fig. 9) what we take to be the ovum, 
or rather the unhatched nauplius (measuring 0°68 mm. in 


diameter) of Calanus helgolandicus. That species has. 
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never been taken with extruded eggs attached to the 
genital segment, and it is therefore highly probable that 
the fertilised ova are set free directly into the sea. We 
have observed this pelagic egg from time to time for some 
years, but as the embryo was too immature we were 
unable to assign it to any animal. A few were taken in 
the ’09 collections which clearly show the Nauplius inside. 

We add here a sentence published* more than twenty 
years ago by our friend the late Mr. Isaac C. Thompson, 
in regard to the ova of Calanus found in gatherings from 
the North of Norway, which he was examining at that 


Fia.9. Pelagic egg of Calanus, x 23:5. 


time:—‘‘. . . in some of the localities about the North 
Cape. . . this species [Calanus finmarchicus, Giinner | 
forms almost the entire mass in the tow-net. Its profusion 
here enables us to clear up a most interesting question. It 
has been often remarked that in this, as in some other 
species of Copepoda, the precise manner of ovi-position is 
mysterious inasmuch as females with ovisacs have never 
been noticed, though carefully looked for .... It has 
often struck me as probable that Calanus finmarchicus 
casts its ova directly into the sea just as fishes do, and its 
profusion in these northern localities has furnished the 
opportunity of establishing what seems to be a clear proof 


* Trans, Liverpool Biol. Soc., Vol. IIL, pp. 80, 81, 1889. 
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of the truth of this theory. For on examining many 
hundreds of them together, especially in the collection 
No. 4, made at Hammerfest, I find small quantities of 
specially granular ova scattered about, and in two — 
instances as if just ejected from the animal, but entangled 
by the swimming feet as the animal met its doom. It is 
confirmatory of these being the ova of Calanus that they 
appear only in such other gatherings as contain in great 
abundance this species and it almost exclusively.” 

Acartia (Pl. B, fig. 3) is present throughout the 
year, but is usually not very abundant. In January, 
February and March the numbers are mostly units and 
tens, rarely reaching hundreds, the highest being 450 on 
February 25th. In April there is an increase to 1,000, on 
the 19th; May is lower, reaching only 800; June and 
July show several hauls of over 2,000; August has 1,400 
and 1,100; September reaches 2,350 on the 29th; October 
the same number on the 27th; November shows hundreds 
only, and December the same, with 1,100 on the 17th. 
This agrees fairly well with last year’s record, the highest 
numbers are again in September and October, but last 
year’s maximum, 11,000 on October 8th, was much higher 
than anything attained this year. 

OrrHona is the most generally abundant species 
throughout the year. The numbers run into thousands in - 
every month except April, and the maxima are 15,800 in 
J anuary ; 10,000 in May; 20,000 in July, and again in 
August; and 50,000 on October 18th. On the whole 
these numbers are greater than those of last year, when 
the maximum was reached with 40,000 on September 
14th; the previous year showed 30,000 on September 
20th. But the general curve of the species throughout 
the year is the same, and the climax is reached in late 
autumn in each case. 


SEA-FISHERIES LABORATORY. 995 


Trmora forms a contrast to Ozthona inasmuch as it 
is less generally distributed throughout the year, and in 
09, for example, was not represented in any of our nets 
during six out of the fifty-two weeks. In fact, Z’emora is 
practically absent from the middle of October until the 
end of March, reaches 100 late in April and 1,000 on May 
Sth, 5,000 on May 27th, over 3,000 several times in June 
and July, and 9,000 on August 2nd; after which the 
numbers fall off to hundreds and tens until October 9th, 
and then fall further to tens and units with occasional 
periods when the species is absent. TZ'emora, as we have 
pointed out before, is distributed irregularly in swarms. 

PARACALANUS is again, as it was in ’08, absent during 
a considerable part of spring and summer. It is unrepre- 
sented in our nets during seven entire weeks. It is 
present in fair quantity early in January (2,000 in one 
haul on January 4th), diminishes during February and 
March, is frequently absent in March, April and May, 
reaches a few hundreds occasionally in June and July, a 
thousand a couple of times in August and again in 
September (1,900 on September 14th), and has its 
maximum about the middle of October with 4,000 on the 
9th, 8,700 on the 18th, and 2,800 on the 23rd. After 
that the numbers remain in the hundreds, ending with 
420 and 170 on December 29th. 

The totals of the above six important species of Cope- 
poda for the year, in the order of their abundance, are :— 


Oithona svmilis ..........0. 465,066 Temora longicornits .....0++. 62,659 
Pseudocalanus elongatus 309,973 Paracalanus parvus ...... 54,120 
FACONING CLQUBD. ovcccsevsccees 63,373 Calanus helgolandicus ... 21,412 


The actual numbers are of no importance except as 
an indication of the relative abundance. It is clear that 
Oithona and Pseudocalanus far outnumber the others, 
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On plotting the weekly averages of these six species 
and drawing curves through them the fact comes out that 
taking them all together the great elevations are found in 
the six months May to October and the minima are in the 
six winter and spring months, November to April inclu- 
sive. Although the maximum for Acartia is in June, 
for Temora in August, for Pseudocalanus, Paracalanus 
and Ozthona in October, and for Calanus in July and 
October, when all are put together it is evident that the 
Copepoda are a summer and autumn group, and in that 
respect contrast strongly with the Diatoms, for example. 


A few other less important species which have been 
mentioned in the previous reports will now be dealt with. 

ANOMALOCERA is practically absent, except for an 
occasional straggler, up to the end of March; 25 voung 
specimens on the 30th and 10 on the 31st; 45 and 15 on 
April 7th in mid-channel; 25 to 30 on the 13th, 14th, 
loth, 19th, and 45 on the 24th; otherwise the numbers 
are units and tens. May shows a sudden increase to 300 
on the 28th, and after 40 on the Ist and 60 on the 4th of 
June Anomalocera is practically absent during the 
remainder of the year. In ’08it occurred from the middle 
of April to the middle of September; in ’07 it was present 
in the Bay until November. 

CENTROPAGES HAMATUS is never an abundant form. 
It is practically absent until May, when it appears in 
units and tens, reaching 160 at the end of the month, 
200 several times in June, 300 in July and again on 
August 2nd, after which the numbers rapidly fall to tens 
and units again and so remain until the end of the year. 
This is one of the forms that seem to be commoner in 
the Bay than in the sea outside. 

MicrocaLANUS PUSILLUS, Sars. It will be remem- 
bered that in this Report, Part I, p. 165, it was 
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shown that MMvecrocalanus pusillus appeared in the 
deep water, in mid-channel, to the South-west of 
the Isle of Man in large numbers in the late summer of 
07, and spread late in August and early in September 
up to the surface (September 11th) and into the shallow 
waters, until by September 21st it had entered Port Erin 
Bay and seemed to be generally distributed. It remained 
in evadence until the end of the year. This was inter- 
preted in the Report as being possibly an instance of the 
invasion of the district by a non-indigenous species. 
Microcalanus does not appear in the ’06 or earlier records. 
It was only described by Sars in ’03, and its distribution 
was then limited to a few deep-water localities in Norway. 
It has since been found off the N.W. coast of Scotland, 
and (doubtfully) from the West of Ireland. It does not 
appear to be recorded from the English Channel. If the 
Species was a new immigrant in the autumn of ’07, it 
apparently neither left again nor died out, as we find it 
persisting throughout the winter in Port Erin Bay. 
Altogether it appeared in 59 gatherings between August 
24th and December 23rd, O07. In the ’08 series of 
gatherings, Microcalanus appears first on January Sth in 
the Bay. In April it usually occurs only in the Hensen 
and Nansen closing nets fishing in the zone from 20 up to 
10 faths. In autumn likewise (August oth to September 
14th) it occurs only in the Hensen and Nansen closing 
nets and in the weighted open tow-net which worked in 
from 10 to 5 faths. The species was present in 49 
gatherings during 08, extending from January 8th to 
September 14th. 

In ’09, Aicrocalanus is present 125 times in all, and 
occurs in the records for every month except July, October 
and November. Outside the Bay it is usually confined to 
the Hensen, Nansen and weighted nets. It occurs, how- 
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ever, six times in the surface net worked with an otter- 
board, four of these being at Stat. I. and two at Stat. IIT. 
In the other surface nets it occurs on three days at Stat. I. 
and on three days at Stat. III. The greatest number is 
500 in the Nansen net hauled from 60 faths. to the surface 
on April 8th, in mid-channel; but fairly large numbers 
were also obtained sometimes on the surface in the bay, 
e.g., 200 on February 24th, 300 on April 27th, 200 on 
August 23rd, and 400 on December 21st. 

Consequently, having once appeared in the district 
in '07, this species seems to have remained during the last 
two years, and, with the exception of the great haul 
obtained on its first appearance (September 12th, 1907, 
2,000 in net at 10 faths. and 2,500 in net at 20 faths.), the 
numbers during 09 seem to be on the whole larger than 
they were in ’07 and 08. 

The alternative to this being a case of an invasion 
by a more northern species is that it is merely one of the 
smaller and rarer forms which had hitherto escaped 
notice. It is only 0'7 mm. in length, and was only made 
known to science in 703; and since then it has been 
found, by careful and critical investigation, in several 
distant localities. Previous to our recent “ intensive 
study,’ it may have passed through the meshes of the 
coarser nets generally used, or may have remained 
uncaptured through its rarity, or if captured may not 
have been distinguished from other small forms. There 
are various others of the smaller and rarer forms that we 


now get more frequently, first because of the more perfect - 


collecting, and secondly because of the more exhaustive 
examination of the material collected. 

We put this forward, then, as a possible alternative 
explanation, not merely in this case, but in that also of 
other rarer species which seem to make their appearance 
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suddenly in an area where previously unknown. It is 
possible that the “sudden appearance” which leads to 
the identification is due to a local increase in numbers 
permitted by some change in the environment. 

Outside the bay, MJicrocalanus behaves pretty well 
in agreement with Sars’ description of it as a mid-water 
form. It appears in the open-sea nets 68 times in the 
three years. In 40 of these, or almost 60 per cent., it 
was present only in the vertical nets; in only 15, or 
22 per cent., does it appear in the surface nets; and in 
about 20 per cent. in the “weight” net. Thus it is 
evident that Microcalanus is at least not a surface form. 
Paulsen finds it in quantity in deep hauls to the North of 
Iceland. 


CIRRIPEDIA. 


The Balanus larve are rather interesting. The Nauplii 
(fig. 10, p. 319) begin on February 6th, reach 3,000 on 
the 24th, 12,000 on March 31st and 10,000 on April 138th ; 
decline to 1,100 on April 22nd, to 150 on May 12th, and 
disappear at the end of May. Those of the Cypris stage 
(fig. 11) appear first on April 13th, reach 900 on 
May 12th, and disappear at the end of June. The 
- Nauplii are at their climax in early April, the Cypris in 
the middle of May. | 

In times of first appearance (e.g., Nauplii on 
February 22nd in ’07, February 13th in ’08, February 6th 
in ’09) and of maxima these figures agree substantially 
with those of the two previous years. 


CLADOCERA. 
The constancy of this group is remarkable—Evadne 
ranging from March or April to the end of August or 
September in each of the three years, and Podon from the © 
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latter part of March or May to, October. The present year 
seems to have been earlier than its two predecessors in 
respect of this group, as the following table shows :— 


1907. 
Evadne nordmanni ...... March 29 to September 20 
Podon intermedium ...... March 26 to October 9 
1908. 
Evadne nordmanni ......April 11 to August 27 
Podon intermedium ...... May 26 to October 24 
1909. 
Evadne nordmanni ...... March 6 to September 21 
Podon intermedium ...... March 15 to October 2 


= —_—— 


As to the details of the present year, Mvadne appears 
first in the Bay on March 6th, and the numbers remain © 
small in March and April, but rise rapidly into the 
thousands in May, reaching 12,000, in the Bay, on 
May 24th, and 13,000 on the 27th, and 12,000 in the coarse 
surface net outside the Bay on May 24th—another case 
like those quoted in our previous reports of the marked 
equality in hauls indicating an even distribution. Hvadne 
remains fairly abundant in June and July. After the 
first week in August it only occurs on three occasions, the 
last haul being 25 in the Bay on September 21st. The ° 
maximum in 708 was 12,500, on June 10th. In ’07 the 
numbers were much lower throughout. 

Podon occurs first in the Bay on March 15th, and the 
numbers remain small until May. The maximum in the 
Bay is 650, on May 8th. In the sea outside it reaches 
1,000, on May 24th. It is much more constant in the 
later months than Hvadne, being present mostly in 
hundreds and tens, and with but few breaks, until 
October 2nd, when 80 were taken by the coarse net in the 


Bay, 
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TOMOPTERIS. 


The species of Yomopterts which occurs in our 
district is the species which Daniele Rosa* names 
Tomopteris (Johnstonella) catharina (Gosse), and which 
has commonly been called 7’. onisccformis by Carpenter 
and others in this country, and 7. helgolandica by Greeff, 
Apstein and others on the Continent. 

Tomopteris is rather irregularly distributed over the 
months, is rarely very abundant, and has rather a 
different record in the three years. In all, we have 
captured 1,683 specimens in 205 hauls of the nets, and in 
1,680 hauls no specimens were obtained. The distribu- 
tion is sporadic, and no localities or zones seem to be 
more frequented than others. Bay and sea outside, deep 
and surface nets, seem to be about equally represented in 
the record. In most of the hauls a few specimens only 
were obtained; many show one TY’omopteris only, and in 
a large number of hauls in each of the years none. were 
captured. ; 

In *O07 no specimens were obtained in January, 
February, March, May, June and July; in ’08 none in 
January, March, May and July; in ’09, which has the 
most complete record, May is the only month not 
represented. ‘There are, then, no May specimens in any 
of the three years. In most of the remaining months 
throughout the three years the average numbers obtained 
in a haul are low units, such as 1, 2, 3 and 4; but in’ 
March ’09, the number was 12°5, in August ’08 it was 9, 
in September ’07, 11:7, and in September ’08, 14. The 
sreatest numbers obtained in single hauls were:— 
March 31, ’09 = 68; April 15, 09 = 28; April 17, ’09 = 
34; August 4, 08 = 23 and 20; August 7, ’08 = 200; 


* Raccolte Planctoniche, &c,, V, Anellidi, p. 247, Firenze, 1908, 
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August 15, 07 = 25; August 19, 08 = 50; August 20, 
08 = 35; August 26, 08 = 34; September 12, 08 = 
38 and 37; September 15, ’08 = 120; September 19, ’07 
= 80; September 20, 07 = 95 and 65; October 7,06 
= 65. Most, but not all, of these large hauls were taken 
with the shear net or the large Nansen. If we take the 
shear net as equivalent to 15, and the large Nansen 
(100 cm. diam.) as equivalent to 10 of the small ordinary 
nets, and make out monthly averages per unit net, it 1s 
clear that the maximum occurs in October in the three 
years taken together, and the same result is obtained 
if we eliminate all the catches with larger nets and with 
deep nets in the open sea, and take into consideration only 
the hauls with the small open tow-net across Port Erin 
Bay. There were 515 ot these, representing every month 
in each of the three years, and when combined they give 
the following averages per net :— 


Jan. 0:6. April 01 July 05 Oct. 2-0 
Feb. 0-1 ay 0 Aug. 0-7 Nov. 0:8 
Mare sen cee 0 June 0-1 Sept 0-8 Dec. 0:9 


Although in ’09 TYomopterzs is more fully repre- 
sented throughout the year, still nearly twice as many 
specimens per haul were obtained in ’07, and nearly thrice 
as many in ’08. The figures for the three years separately 
are as follows :— 


Total hauls Average No. © 


Total hauls. in which Total No. of Average No. in hauls 
Tomopteris Tomopteris. in al/ hauls. where 
occurs. represented. 
OU ewe 610 63 399 0 65 6-3 
LOO Sycies 571 103 945 1-65 9-17 
TO0Gs cues 754 89 339 0-45 3°8 


a 


3 years 1,935 255 1,683 0-87 6-6 
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SAGITTA. 


Sagitta is represented in all months. The numbers 
keep low (under 50) from January to April inclusive, and 
then advance to over 200 late in May, over 500 on 
June 4th, 1,975 and 1,344 on June 9th, 1,012 on June 18th, 
over 400 late in July and early in August, after which the 
numbers run rapidly down to under 30, and then remain 
for the most part at units during September and October. 
In November the highest number is 115, and in December 
164. The smoothed curve representing monthly averages 
shows, then, one great peak in June and slighter eleva- 
tions late in July and early in August, and again in 
November and December. The minima are in the first 
four months of the year and in September and October. 
The addition of the catches made in the sea outside the 
bay during April and in summer does not materially 
affect the general shape of the curve. 

When we compare these results with those of the two 
previous years, we find that although each year has some 
peculiarities, there 1s a general similarity. In ’07 there 
was a maximum in July-August and a second lower peak 
in October-November. In ’08, when the numbers as a 
whole were lower, there was a maximum in the open sea 
on August 7th, and again early in November. Combining 
the three years, we find two distinct maxima in the year, 
the first, greater one, in June-August, and the second, 
much smaller, in October-November. Looking at the 
largest hauls in each year, in the ordinary tow-nets we 
find : — 

In ’07: On August 12th, 1,000; on August 15th, 1,800; 
and on November 4th, 324. 

In 08: On June 30th, 750; on August 7th, 256; on 
September 14th, 220; and on November 6th, 108. 

U 
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In 09: On June 9th, 1,975; on August 2nd, 498; on 
November Ist, 115; and on December 17th, 164. 


In the larger nets, on occasions, some even greater 
numbers were obtained, such as 2,300 in the shear-net, on 
March 31st, ’09, 2,050 in the large Nansen net on 
August 4th, 09, and 3,408 in the Yngel net on 
August 8th, 08. If we omit these larger nets, the 
monthly averages for the three years in the open sea are 
in all cases smaller than the corresponding figures for bay 
hauls. 

The following table gives the totals for the three 
years, and shows a remarkable constancy in the total 
number of Sagitta captured, and in the numbers per haul. 
When 44 is the average number caught, it is remarkable 
that the poorest year does not fall below 42, and the 
richest does not rise above 48 :— 


Total hauls Average No. 


Total in which Total No. Average No. in hauls 
Year. equivalent Sagittais of Sagitta. in all hauls. where 

hauls. represented. represented. 
WOOTS2..$ 610 370 17,658 29 48 
1908...... 571 353 14,675 26 42 
1909...... 754 453 19,280 26 43 
1907-8-9 1,935 1,176 51,613 27 aoe 


In ’07 the average number per haul at the maxima is 
126 in July and 127 in November, and in ’09 the greatest 
average is 209 per haul in June. The numbers are not so 
great in 08. ‘The minima in ’07 and ’08 are 2 per haul, 
in February. Sagitta seems to breed twice in the year 
(spring and autumn), although some _ reproducing 
individuals may apparently be found in any month. The 
summer maximum is probably the result of the spring 
brood, and it is noteworthy that this climax in the Sagitta 
population curve occurs distinctly later than the great 
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vernal maxima, and at a time of year when several of the 
most important groups of organisms in the sea are on the 
wane. 

We can obtain some information in regard to the 
distribution of Sagitta throughout the year in other parts 
of the British seas from the records of E. T. Browne* in 
the Clyde, Gamblet at Valencia, and Gough} at 
Plymouth. If we arrange the essential facts in columns 
opposite the months we get the table shown on page 305. 

The Plymouth record seems to show that large 
quantities are seldom obtained except in October, and that 
the minimum is in March. At Valencia there are shoals 
in October-November, and a scarcity in spring. In the 
Clyde there is an increase in October-November, and 
again a scarcity in spring, in August and in December, 
and the organism is fairly common in July. 

Returning now to the Port Erin column, we find it 
agrees with all the others in showing a scarcity in early 
spring; has a marked maximum in June-July which has 
not been noticed elsewhere; and has a second but smaller 
increase in October-November which seems indicated at 
the other localities also. 

In the Baltic, according to Lohmann, Sagitta is 
most abundant in September and onwards through the 
winter—under possibly rather different conditions of 
temperature and salinity from those of the Irish Sea. 


OIKOPLEURA. 


The common Ovzkopleura dioica is present in our 
collections throughout the year, and is well represented in 
every month. There is a marked winter minimum in 

* Proc. Roy. Soc. Edin., Vol. XXV, p. 779, 1905. 


+ Royal Trish Acad. Proc., Series ILI. Vol. V, p. 745, 1900. 


t North Sea Investigations, Blue-hooks Cd. 2670, 1905, and Cd. 3837, 
1907. 
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December, January, February and March, when there 
were never more than a few hundred in a haul. It is well 
represented from April to November inclusive, and gets 
above 3,000 in a haul in April, May, June, July, August 
and September. The greatest hauls were:—April 13th, 
4,600; April 19th, 5,600; May 27th, 3,600; June 22nd, 
3,600; July rd, 3,350; July dlst, 3,000; August 2nd, 
3,000; August 23rd, 3,350; September 11th, 5,300; 
September 18th, 7,600; September 25th, 3,500. 

The smoothed curve representing monthly averages 
shows a rounded elevation extending from April to July, 
and reaching its highest point, a little over 3,000, in 
June; a slight fall in August and a higher and much 
sharper peak in September, reaching a maximum of 
nearly 5,000. Comparing this with the two previous 
years, we find that there is very close agreement with ’07, 
even to such details as the amount of the greatest catch 
obtained in April, 5,500 per net in ’07 and 5,600 in ’09. 
There is, however, the great rise to 7,600 in September 
this year, which agrees with the September maximum of 
7,000 in ’08. So that, finally, this year combines the 
maxima of ‘07 and *08. The winter minimum remains 
constant for the three years. 


OcEanic AND Neriric SPEcIEs. 

In the tables below the attempt is made to, determine 
whether the plankton in Port Erin Bay during the last 
three years has been more Neritic or more Oceanic in 
character. We regard as Oceanic species those that 
typically inhabit the open ocean, although they may also 
be found in coastal waters, and which have no fixed or 
resting bottom stages in their life-history, and are, in 
short, holoplanktonic (Haeckel) Neritic species are those 
typically found in coastal and comparatively shallow 
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waters. Most of them have fixed or resting bottom stages 
in their life-history, and so fall into Haeckel’s mero- 
plankton, but some Neritic forms are holoplanktonic, 
being permanently free. 

Table I gives a list of the species found during °09, 
with the number of days in each month on which they 
occur. It also shows the number of species present each 
month, and the proportion of Oceanic species. It will be 
seen that only in two months (January and December) do 
the Oceanic forms outnumber the Neritic, while in July 
the two are equal. For the other months the percentage 
of Oceanic species ranges from 40 to 48°56. This would 
tend to show that Port Erin Bay is rather more Neritic 
than Oceanic in character; that is, that in most months 
more Neritic than Oceanic species occur. But that, 
although true, is not the whole truth, since it recognises 
in each month only the number of species that have 
occurred, and not the total number of their occurrences, 
nor the average number of times that Oceanic or Neritic 
species occurred in each month. 

Consequently, it is interesting to consider Table II 
(p. 312), which gives the mean occurrence or average 
number of days per month on which Oceanic and Neritic 
forms, respectively, occurred, obtained by dividing the 
sum of the number of days on which the various forms 
(Oceanic or Neritic) occurred (= total occurrences) by the 
number of species. The factor thus obtained shows the 
relative constancy of the two groups of species, and the 
table shows that the average for the Oceanic forms is 
much higher than for the Neritic, that is, that the 
Oceanic forms are a much more constant feature of the 
plankton. Further, we show the percentage that each 
average number of occurrence-days is of the total possible - 
number of plankton-days in that month, and we are 
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inclined to regard these percentages as the most valuable 
indications of the relative occurrences. For example, in 
July, Oceanic species occur on the average six days and 
Neritic a little over four days; but the six represents 
nearly 86 per cent. of the possible occurrences in that 
month, and the four is 58 per cent. It must not be 
supposed that June, with 16 species showing 115 occur- 
rences, is necessarily more constant than July with 16 
species making 96 occurrences, since samples were taken 
on nine occasions in June but only on seven in July. The 
numbers for mean occurrence, seven and six, are there- 
fore in this case not instructive, and the percentages 79 
and 85 are, we consider, more correct. But as we give in 
the tables all the figures bearing on the problem, any 
possible false impression can be easily rectified. 

If we enquire further into the apparently marked 
Oceanic character of December, with 56 per cent. of 
Oceanic species in the table, we find that Metridza lucens 
is present (only in December, November and January), 
while the common Neritic forms Temora, HMucampia, 
Asterionella, Chetoceros sociale, Rhizosolenia, Noctiluca, 
Pleurobrachia and Autolytus are all absent, and also the 
less prevalent Podon and Kvadne. The same explanation 
can be given in the case of January, the month with the 
next highest percentage of Oceanic species, and this 
supports Gough’s remark that Oceanic character is 
largely due to absence of Neritic forms, not to any 
unusual abundance of Oceanic species. One of the most 
notable points brought out by this enquiry is the fairly 
even numbers of Oceanic and Neritic species occurring 
in each month, since. the percentages in Table I range 
only from 40 to about 56. 

Treating the records for ‘08 in the same way, we 
find that the totals of Table I (the details of which need 
not be printed in full) are, as shown on p. 314 :— 
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The total-number of working days is lower, and the 
total number of species obtained is, in most months, 
lower. The percentages of Oceanic species (38 to 60°7) 
show a wider range than in ‘09, and more of the months 
show an Oceanic character (5 in ’08, 2 in ’09). 

The second table for that year for comparison with 
that of ’09 is on p. 315, and shows that : — 

The preponderance of Neritic species in April is 
chiefly due to Diatoms. For example, Biddulphia aurita 
and Thalassiosira gravida occur only in this month. 
Asterionella bleakeleyt, Coscinosira polychorda, Nitzschia 
servata and Rhizosolema setigera occur only in one other 
| month; Thalassiosira nordenshioldit and Achnanthes 
teniata in two others; aud Lutylowm brightwella and 
Chetoceros sociale in three others. 

Our third available year, ’07, treated in the same 
way, on p. 314, shows the following record :— 

The percentages of Oceanic species range from 40 
to 57 (being thus intermediate between ’08 and ’09), and 
four of the months show an Oceanic character. 

The most noteworthy points in this record are:— 
(1) the unusual variation in the number of Oceanic 
species—10 to 21; and (2) the very low percentage of 
possible occurrences in both Oceanic and Neritic species 
in September, and of Neritic in August—as shown in 
Table II for that same year, on p.316. 

The more Oceanic or more Neritic character of the 


oe CO 


month in the three years (as determined by the percentage 
of Oceanic species at the foot of Table I in each case) is 
seen at a glance in the following table (50 per cent. is 
represented by a dash) :— 


Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. 


rr ee a a a a a a a 
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If the numbers of Neritic occurrences be added up 
for each month, they show that mid-winter (December and 
January) and mid-summer (July) are more Oceanic in 
character than the intervening months, April, May and 
October being the most Neritic. 


“* Monoronic ”’ PLANKTON. 


Although many naturalists in the past have recorded 
the occurrence of dense crowds, ‘‘ banks” or “‘ swarms ” 
of some one surface animal, or the members of one group, 
not merely round coasts but even in the open sea, Haeckel 
was the first, in 1890, to draw attention prominently to 
this important point in the distribution of the plankton, 
and to give it a distinctive name. In “ Plankton-Studien,” 
p. O7, he says:—‘‘ Die Zusammensetzung des Plankton 
aus verschiedenen Organismen ist sowohl in qualitativer 
als in quantitativer Beziehung sehr ungleichmassig, und 
ebenso ist die Vertheilung desselben im Ocean nach Ort 
und Zeit sehr ungleich; diese beiden Grundsiatze gelten 
ebenso fiir das oceanische wie fiir das neritische 
Plankton.” And further on, at p. 60, he distinguishes 
between “ polymiktes”’ and “ monotones”’ plankton, and 
says of the latter that this monotonic plankton shows a 
very homogeneous composition; and when a single pre- 
vailing species, genus or family forms more than three- 
fourths of the whole mass of the plankton, he regards it 
as a case of “ uniform monotonic plankton.” 

Monotonic planktons are found frequently around the 
British Islands, and we have described some examples 
from the Irish Sea in the past. We desire to place on 
record a few additional cases, and to illustrate some of 
them by photo-micrographs* kindly prepared for us by 
our friend Mr. Edwin Thompson of Liverpool. 


* These were originally made by Mr. Thompson in the Spring of 1909, 
and were shown as lantern illustrations to Professor Herdman’s Evening 
Discourse before the British Association at Winnipeg in August. They 
have since been shown at the Royal Institution lectures (London), on 
“The Cultivation of the Sea,” in January, 1910. 
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The Nauplius and Cypris stages (figs. 10 and 11) of 
Balanus balanoides, the common rock-barnacle at Port 
Erin, are sometimes found in dense swarms—the former 
in March and the latter about May. 


Fig. 10.—Nauplius stage of Balanus. Wig. 11.—Cypris stage of Balanus. 


We have recently tried to determine the approxi- 
mate number of nauplii set free in spring by the common 
Balanus living between tide-marks. This can be done 
by simply collecting barnacle-covered stones in March, 
laying them exposed to air in the laboratory, and after the 
lapse of a few hours separating the barnacles from the 
stones with the point of a knife and placing them in a 
vessel containing sea-water which has been kept in the 
workroom for a day. Very soon after the detached 
barnacles are placed in the sea-water it will be found that 
the nauplii are hatching out and swimming towards the 

Ww 
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lighted side of the vessel. The water should be poured off 
at intervals through.a fine silk sieve, which retains the 
nauplii and is afterwards washed into formalin. Fresh 
sea-water is added to the vessel and the process repeated 
from time to time. After twenty-four hours practically 
all the nauplii will have hatched. To get at the 
approximate number of nauplii produced by a single 
individual, take a definite number of barnacles, say ten, 
and collect all the nauplii till batching ceases, then dilute 
the collection with water to a working volume and count 
the number of larve in several separate cubic centi- 
metres drawn off from the well-shaken mixture with a 
wide pipette. The average of these samples is multiplied 
by the number of cubic centimetres representing the 
working volume, which gives the total nauplii present. 
The figures obtained are then divided by ten to give the 
approximate number of nauplii produced by each 
barnacle. This number varies with the size and age of 
the adult. We found from experiments that the large 
and probably full-grown adults yielded 9,000 nauplii, 
whereas half-grown ones produced only 3,600. If we 
take the average as 6,000, which is probably a low amount, 
and let this represent the number of nauplii produced by 
every barnacle along the coasts of Lancashire, Wales and 
the Isle of Man, it is clear that the zoo-plankton in a 
barnacle region must be subject to enormous but very 
temporary increases in the early spring by the advent of 
these larval forms. 

The local abundance of adults on rocky coasts, such 
as Wales and the Isle of Man, must give rise to enormous 
swarms which have a very great influence on the volume 
of zoo-plankton in the neighbourhood. There can be no 
chance of a uniform distribution taking place over such 
an area as the Irish Sea, because, apart from the natural 
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mortality, there is the process of metamorphosis going on 
whereby the nauplius changes into the “cypris”’ stage, 
which settles down after a few weeks on the sea bottom as 
a young barnacle. The hatching period is probably a 
very short one and the nauplu are liberated from many 
barnacles at the same time. Unless the plankton is 
collected at the critical moment the swarming may there- 


fore escape notice. A sample of plankton collected eight 


years ago in Barrow Channel consisted almost wholly of 
barnacle nauplii, and supplied us with enough material 
for use in the fishermen’s classes until the spring of 1910. 
Although we have collected plankton every spring in the 
same locality and during the same period as in 1902, we 
have, so far, not again met with another swarm. 

In the first part of this Report (08, p. 186) we 
recorded a definitely localised swarm of Crab Zoeas. 
These are cases of mero-planktonic organisms where the 
swarm is determined no doubt by the position and time 
of reproduction of the Neritic adult; but holoplanktonic 
and oceanic forms give equally good examples. 

On Plate A, figs. 1 and 2 show “ uniform monotonic ” 
gatherings of the Dinoflagellate Ceratewm tripos and of 
Noctiluca miliaris—the two most abundant causes of 


luminosity in the Irish Sea. Ceratcwm more usually 


occurs in quantity in the open sea round the Isle of Man, 
and Noctiéluca along the coasts of Lancashire and North 
Wales. Both occur in greatest abundance in late summer 
or autumn. In September, ’08, one of us found Wocteluca 
so plentiful at Piel, in the Barrow Channel, that estima- 
tions made by collecting bottles of the water and counting 
the Noctiluca showed that there were about 2,000,000 per 


gallon present. 


The remaining two figures on Plate A show a mono- 
tonic Diatom plankton (fig. 3), consisting, however, of a 
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number of different genera and species, and for com- 
parison with it a polymiktic plankton formed largely of 
Diatoms, but containing also Polychet larve, Cirripede 
nauplii, and other animals. On Plate B all the figures 
show examples of uniform monotonic planktons, both 
plant and animal, the two upper being characteristic 
Diatom gatherings and the two lower being from hauls 
through swarms of Copepoda. Such Diatom gatherings 
are commonly found in April off Port Erin, and the 
Copepod swarms later in the summer. 

We have several times found enormous but quite 
localised swarms of Calanus helgolandicus (Plate B, fig. 4) 
inside Port Erin Bay in July or August, and have filled 
jars with pure gatherings of this one species which have 
served to supply the University students with specimens 
of this typical large Copepod for several years. Large 
Acartia swarms like that from which fig. 3 was photo- 
graphed have occurred late in April, in August and in 
September, and other common species of Copepoda have 
also occurred on occasions in large swarms, both in Port 
Erin Bay and in the open sea outside. 

When we obtained 2,300 Sagitta in one haul of the 
shear net on March 31st, ’09, that was undoubtedly an 
unusual swarm. ‘The animal was not generally distributed 
through the neighbouring parts of the sea in that density, 
since a similar haul of the same net on the following day 
gave 245 specimens. We might quote many similar cases, 
but it seems unnecessary to multiply instances further. | 
We may take as a final example pelagic fish eggs, in 
regard to which the statement has sometimes been made 
that they are uniformly distributed over very wide areas. 
Our experience certainly does not support such a view. 
The numbers obtained per haul are most irregular. Over 
large areas very few floating eggs may be obtained, even at 
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the spawning season, and then on occasions great numbers 
are found in the nets. 

We have a record of a haul from the Lancashire Sea 
Fisheries steamer, at 18 miles N.W. by W. of Piel Gas 
Buoy, on 6. i11:05, in which the plankton consisted of 
little else than fish eggs in quite unusual quantity. The 
net was taken in at intervals of ten minutes for an hour, 
but only the first sample was preserved, the other five 
gatherings being returned to the sea alive. The eggs, 
when examined, were found to be in all stages of develop- 
ment from the beginning of segmentation to the hatching 
point; and they included eggs of plaice, haddock, whiting, 
dab and flounder. Without doubt the majority of them 
would have hatched out in that immediate area. 


ahs 
Apr IS 07 
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Fic. 12.—Monotonic Phytoplankton hauls, from April. 


The four jars photographed in fig. 12 show hauls of 
very different volumes (13 to 100 c.c.) obtained with the 
same net at the same spot within 10 days in April, ’07. 
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They are monotonic plankton hauls, such as are 
characteristic of the vernal phytoplankton maximum in 
the Irish Sea, and illustrate well the wide range in 
quantity obtained on neighbouring days at that season. 


Fie. 13. Monotonic Zooplankton hauls, from August. 


The five jars in fig. 13 show z00-plankton hauls taken 
later in the summer with coarser nets, which had allowed 
the more minute organisms to escape. These, although 
not complete samples, are all notable cases of animals 
that were not generally distributed, but occurred in 
swarms so as to constitute a monotonic plankton. 


Tur Foop Suprpiy oF MarinE ANIMALS. 


Most writers who have discussed the conditions of 
life in the sea have regarded marine animals as dependent 
directly or indirectly upon other animals and plants as 
organised food, and have considered them all as dependent 
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indirectly upon the plants, which would constitute, 
therefore, the ultimate source of organised foodstuff in 
the sea. In the long chain of dependent plants and 
animals the plankton has been looked upon as providing 
the first store of food, and, in fact, the phyto-plankton 
may be regarded as the primary transformer of the 
inorganic raw materials into the organic foodstufis of the 
animals. 

In ’07, Piitter* claimed that the principal source of 
food was not to be found in the bodies of plants and 
animals, but in organic compounds dissolved in the 
water. The sea was to be regarded as a nutrient fluid in 
which, for example, organic carbon compounds were 
present in considerable quantity. This theory, if 
accepted, must be of great importance in any treatment 
of the metabolism of the ocean, and hence it must be 
considered here. Rabent and Henze} have shown quite 
recently that Piitter’s estimate of the organic carbon 
compounds dissolved in sea-water was incorrect. Pitter, 
however, has lately ('09)§ published another work in 
which these corrections are accepted, without altering the 
essential points in his theory. It is unnecessary to review 
the whole work in detail kere; but the subject may be 
considered under three heads : — 


1. Do marine animals feed on solid food ? 
2. Is this food sufficient for their needs? 


3. Is there more organic matter in solution in sea- 


water than is present in solid form (as plankton) ? 
There is no objection whatever, in the first place, to 
be brought against the view that marine animals may 


* Zeitschrift {. allgem. Physiologic. Band VII, 2 and 3 Heft. 1907. 
+ Wiss. Meeresunt. d. deut. Meere. Abteil. Kiel. Neue Folge, Band II, 
1909. 


| Henze. Pflugers Archiv. d. gesamte Physiologie, etc. Bd. 123, 1908. 
§ Die Ernahrung der Wassertiere. Jena, 1909. 
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make use of nourishment in solution. The question is not, 
however, on what substances marine animals can feed, 
but on what they do feed under natural conditions. With 
regard to this first head, which is a biological question, 
most marine animals are known to take in some solid food, 
and the presence of an alimentary canal with digestive 
glands, the structure of appendages or other apparatus 
for catching food, and the habits of the animals, can only 
be satisfactorily explained on the assumption that solid 
food is necessary. Pitter, however, points out that it has 
often been very difficult, or even impossible, to trace any 
food matter in the alimentary canal or other internal 
cavities of aquatic animals, and finds it difficult to under- 
stand how crustacea living inside sponges can obtain solid 
food in the filtered water which reaches them. He also 
states (this will be referred to below) that the amount of 
solid food necessary for many marine animals is quite 
beyond their powers of catching. It must be remembered, 
however, that the absence of food in the alimentary canal 
is only negative evidence, and we know too little about 
the bionomics of many of these forms to draw far-reaching 
conclusions. It is possible, however, that the solid food 
may be insufficient in quantity to meet the demands of 
the animal. Piitter has calculated the amount of food 
required daily for several kinds of marine animals by 
measuring the quantity of oxygen used in 24 hours, and 
then knowing the composition of the plankton, the 
number of planktonic forms necessary for food can be 
calculated. 

One of us* has shown that the alimentary canal of 
Copepoda contains diatoms, peridinians and flagellates. 
In fact, the chief food appears to be flagellates and small 


* Dakin, ‘“‘ Notes on the Alimentary Canal and Food of the Copepoda,” 
Internationale Revue der gesamten Hydrobiologie und Hydrographie, Bad. I, 
No. 6, 1. pp. 772-782. 
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diatoms. Piitter, however, states that the amount found 
in the alimentary canal is far too small, and that a 
Calanus (sp. not given) would require 9,750,000 Thalas- 
siosira nana per day, if it depended on the plankton. The 
alimentary canal is, however, cften found full of algal 
cells and débris, and we do not know how many times it 
can be filled and emptied in 24 hours. Allowing for this, 
however, it may still be impossible for a Copepod to obtain 
sufficuent food in solid form if Pitter’s estimations of the 
total amount required are correct. There are many other 
examples cited by Piitter representing the following 
groups: Protozoa, Porifera, Echinodermata, Coelen- 
terata, Mollusca, Crustacea, Tunicata and Fishes; and if 
the figures given are correct, it is evident that food must 
be absorbed from the solution in sea-water. The balance 
of biological evidence is in favour of solid food being 
necessary, and hence it is only a question of an additional 
method of obtaining food, and not of a substitution of 
liquid for solid food. The amount of organic carbon 
dissolved in the sea-water was stated by Piitter in ’07 to 
be 65 mg. per litre. Henze and Raben have brought this 
figure down to about 3-6 mg. per litre only. Allowing, 
however, for this great change, there still appears to be 
more carbon present in solution (in organic compounds) 
than in the plankton. It will be seen that the amount of 
organic carbon was considerably over-estimated, and it 
remains therefore for the figures showing daily food 
requirements to be carefully checked. 

The plankton still remains as the primary food 
supply, for even if it is shown that the planktonic 
organisms are insufficient as food, the organic carbon 
compounds present in solution can be traced, as the 
products of metabolism, to the phyto-plankton which is 
their ultimate source. 
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As the view has frequently been expressed* that the 
great vernal maximum in phyto-plankton is due to the 
increase in sunlight at that time of year, it may be of 
interest to give the results of the daily record of the hours 
of sunshine made at the Port Erin Biological Station for 
the last three years. We have them recorded in tabular 
form for each day, but it will probably suffice to give here 
the totals for the months :— 


Average Average 
1907. 1908. 1909. of . 
3 years. 08 and ’09. 


January ......... 243 35 27 29 31 
February ...... 58 284 574 48 43 
March .:...3. Ses 113 834 Tit 914 803 
torial. Leute aes 694 1281 1323 1104 1304 
May |) Gax.ce. ee 103 179 1984 1604 1882 
OTIC hs mercies See 81 1544 160 1312 157} 
ahs: Sc. tkedaeetce 143 111 1223 1254 1162 
ATI OUSH piscante se 1034 118 1303 1174 1244 
September ...... 1213 60 122 1014 91 
Oetober, «..). i... 464 81 61 62} 71 
November ...... 44 554 584 524 57 
December ...... 134 21 394 244 30} 


As 07 may have been to some extent an abnormal 
year——the sunshine in April is less than in March, and in 
June is less than in any of the three following months— 
we have added in the right hand column of the table the 
monthly averages of the two years ’08 and *09; and the 
curves in fig. 14 show these averages and those of the 
Bay plankton for the two years in question. The 
similarity in these two curves is considerable—both show 
the maximum in May, and a smaller but distinct elevation 
in August-September, the plankton curve appearing to 
follow that of the sunshine. | 


* I}.g., by Sir John Murray, and possibly by others before him. 
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If, now, we take the very different and possibly 
exceptional monthly distribution of sunshine in ’07, and 
represent it as a curve (fig. 15) along with the curve of 
the monthly plankton of that year, we get the curious 
result of four sunshine elevations in March, May, July 
and September, and four plankton elevations in April, 
June, August and October. It is true that the highest 
sunshine peak is in July, and the highest plankton peak 
in April, but that difference in degree may be due to the 


400 


action of other factors, such as periodicity in life-histories 
and succession of species throughout the year; and after 
noting all differences, the curious correspondence between 
these two curves for ’07 is remarkable, and it is the more 
striking when we remember that in the two years since 
(08 and ’09, fig. 14), when the distribution of sunshine 
showed a marked maximum in May, the plankton 
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maximum was also in that month; so that, in fact, as the 
figures show, each of the two very different sunshine 
curves is followed by a closely similar plankton curve. 

With the view of testing whether there seemed to be 
any correspondence between the sunshine day by day and 
the plankton, especially the surface phyto-plankton, 
exposures were made with Wynne’s “ Actinometer ” 


on every possible occasion in the Easter vacation, ‘09. 
Between March 29th and April 26th the actinometer 
readings varied from two seconds on April 9th (bright 
sunshine and a clear sky) to 13:5 seconds on March 31st 
(sky overcast, no sun visible). The actinometer reading 
was generally taken on the way out to sea, half-an-hour 
or so before the plankton nets were hauled. Frequently 
a second reading was taken on the return journey, and 
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the two generally agreed closely. Although there does 
not seem to be any connection between the plankton 
catches and the daily variations in the actinometer, still 
there does seem to be a relation between the marked rise 
in all the plankton nets on April 13th and the permanent 
increase in the amount of sunlight which set in a week 
before. On April 5th the actinometer reading was 12°5 
seconds, on April 6th it was 3°5, and from that time till 
the end of the month it ranged only between 2 and 6 
seconds, and the average for the week preceding the great 
increase in plankton was 3°3 seconds, while for the week 
previous to that (March 30th to April 5th) the average of 
the actinometer readings was 9°9 seconds. The threefold 
increase in the sunlight from 9:9 to 3°3 seconds was 
followed after a week by an eight-fold increase of the 
surface phyto-plankton (from about 100,000 to about 
800,000 Diatoms per haul). This actinometer series of 
observations tends to confirm the correspondence between 
total hours of sunshine and the volume of the plankton 
noted above. 

During this period the sea-temperature (surface) did 
not vary much, the curve being a great contrast to that 
of the sunshine. In the month from March 27th to 
April 26th the temperature of the water rose only 1 degree 
Centigrade, from 71° C. to 81° C.; and during the four 
days from April 5th to 9th, when the sunshine record 
increased from 12°5 seconds to 2 seconds (by the actino- 
meter), the sea-temperature increased only from 7:075° to 
79° C., and the average of the five observations on these 
days is 7°555° C. It is clear, then, that change in tempera- 
ture will not account for the sudden increase in the 
plankton which seems to have begun on April 9th or 10th 
—after five days of increased sunshine. 

The present year seems to have shown an unusual 
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amount of sunshine in April and May, and possibly the 
increase of plankton in June over ’08 may be due to that 
vause. 

This is probably the best place to show (fig. 16) the 
weekly variations in the temperature of sea and air in 
Port Erin Bay, as recorded at the Biological Station. For 
comparison we give also the diagram (fig. 17) printed in 
last Report, showing the temperature variations in ’08. 
We have not a diagram for ’07, but we have the series of 
weekly records corresponding to those of ’08 and ’09.. It 
will be seen that this year (09) the air-temperature whole 
line, in place of crossing the dotted line representing the 
sea-temperatures at one point (the first week in May in 
both ’07 and ’08), nearly reaches it at the end of March, 
crosses it early in April and back again at the end of the 
month, gets above 1t again in the beginning of May, and 
dips under and up again for the last time in the middle 
of that month. After that there is less difference between 
the temperature of sea and air during the summer than 
in the previous year, and the air-temperature reaches 
58° F. only, in place of 61°, but remains above the sea 
longer in autumn,’to August 21st in place of August 5th 
in 08. 


VERTICAL HAULS. 


The two vertical closing nets we have had in most 
frequent use during the three years are called briefly the 
‘“Hensen” and the “Nansen.” The “Hensen” was 
obtained from Kiel, and is a quantitative net of the same 
size as the “ Medium Apstein,” but provided with two 
brass semi-circular flaps at the mouth, so that it can be 
closed at any depth by the action of a “ messenger ” sent 
down the line. Strictly speaking, it is the ‘“ Petersen- 
Hensen ” net, but that name is too long for every-day use 
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on board ship. The “ Nansen” net is the smallest of the 
three sizes made at the Central Laboratory in 
Christiania, and has a mouth of 35 cm. in diameter. We 
also have on the yacht the largest size, measuring 100 cm. 
across, but it is the smaller size that is meant when the 
word “ Nansen ” alone is used in this Report. This net 
is also closed by the action of a brass messenger running 


b 


down the line. 

Our Hensen and Nansen nets are both made of No. 20 
silk, but are not strictly comparable, because of differences 
in shape and size. As a rule the Nansen catches more 
than the Hensen does. The two sets of catches are there- 
fore treated separately in what follows :— 


Hensen Net Havts 1n 20 To 10 FATHOMs. 


In the three years (’07-’09) our closing modification 
of the Hensen quantitative net has been used in all 231 
times, and of these 141 represent gatherings made 
vertically in the zone of 20-10 faths. 

Stat. I, 5 miles off Bradda Head, is the locality where 
the greatest number of hauls was taken in each of the 
years (18 in ’07, 28 in ’08, and 26 in 09, and where, 
therefore, a comparison may most naturally be made. 


———+ 


EASTER. 
Station I. oo 
Average 
No. of Hauls. Range in ¢.c. Catch. 
WOT bes ss pianeueanies 12 05 to 95 3-2 
LOS eens ieee 11 O:L. |, > yg eau - 05 
DOUGS. Sater cor ress 19 O45 235) pace 1-1 
SUMMER. 
Sration I. —— ——-————— — 
: Average 
No. of Hauls. Range in ¢.c. Catch. 
LOD cocks yen ites othe 6 0:05 to 0-75 0-4 
ABOB ccs ccdeeumnicuse / 17 1 me So 0-7 
1908.0) si sedsupervarns 7 OS.) Gene 0:5 


Puare A 


Fic. 1. Peridinian Plankton, consisting Fig. 2. Plankton, consisting almost 
mainly of Ceratium tripos. wholly of Noctiluca miliaris. 


Fic. 3. Diatom Plankton, consisting Fic. 4. Mixed Plankton, consisting of 
mainly of Coscinodiscus and Biddulpma, Diatoms, Nauplw, Polychaet larvae, &c. 


1 
——- 


Fic. 1, Diatom Plankton, consisting Fic. 2 Diatom Plankton, consisting 
mainly of Rhizosolenia semispina, mainly of Thalassiosira nordenskioldi. 


Fic. 3. Copepod Plankton, consisting mainly Fic. 4. Copepod Plankton, consisting 
of Acartia discaudata, One Temora is seen, wholly of Calanus helgolandicus, 


he” a j 


* 


SEA-FISHERIES LABORATORY. 135) 


We have already shown that some unusually large 
catches were made in the spring of ’07, and if we omit 
that period then the remaining averages range from 04 to 
11 cc. In fact, if three exceptional hauls at the 
beginning of April, ’07, be left out of account, that year 
would come into range with the others, and the normal 
catch for this net, pulled through these 10 faths. of 
water, in April and August together, would then appear 
to be about three-quarters of a cubic centimetre. The 
average for April is rather higher than that for August. 

In looking at the details of the numbers of Diatoms, 
Dinoflagellates and Copepoda (to take only the main 
groups) for all the Hensen net hauls (all stations) in the 
three years, one notices far larger quantities of Diatoms 
(amounting to millions on several occasions) and Dino- 
flagellates (a few thousands) in the earlier part of April 
in 07 than in the corresponding period of the other two 
years; while again, in ’09, the phytoplankton was more 
abundant in the latter part of April than at that time in 
the previous two years; but apart from this, there is 
considerable similarity in the three series. The Copepoda 
(adults, juveniles and nauplii) especially show substantial 
agreement. In August the Dinoflagellates are distinctly 
more abundant in the 08 hauls than in the other two 
years. 


Nansen Net Hauts 1n 20 ro 10 FATHOMS. 


In the three years (’07-’09) the Nansen closing net, 
of 35 cm. diameter at mouth, and made of No. 20 silk, has 
been used in all 266 times, and of these 141 represent 
gatherings made vertically in the zone of 20-10 faths., the 
same number as in the case of the Hensen net. 

At Stat. I, in all, 73 hauls were taken (20 in ’07, 
28 in ’08, and 25 in ’09) with the results given here ;--— 

x 
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EASTER. 
Sration I. 
Average 
No. of Hauls. Range in c.e. Catch. 
L907 sous cphoseeteastae 13 20 to 77:0 23-2 
LOOS-t Aleriwmeterene 11 OL: |) FSS 2:0 
| Re ee 19 04 =,, 187 2-9 
SUMMER. 
Station I. a —— 
Average 
No. of Hauls. Range in ¢.c. Catch. 
LOOT sonwacsachitasas se 7 05 to 40 Ly 
NOOB ie enssetctnvcesen 17 Oly a. ee 0-5 
009 ee oe ee 6 OV bs) ee 0-6 


Nearly all these results are larger than those obtained 
with the Hensen net, and the amount credited to Easter, 
07, is surprisingly greater than all the others. That 
figure depends, however, upon a few quite exceptional 
hauls obtained at the time of the Diatom maximum. If 
we omit that period the remaining averages range from 
0°5 to 2°9. The average of this net for April is about 2°5, 
and for August about 0:9. For April and summer together 
the average is about 17, as against about 07 for the 
Hensen net. 

The remarks made as to the distribution of the 
Diatoms, Dinoflagellates and Copepoda throughout the 
years under the Hensen net apply here also. The Diatoms 
rise to 17 millions twice, as against 21} millions in the 
Hensen net, and the Dinoflagellates to 37 thousand 
against 2 thousand in the Hensen. In ’09 the Dino- 
flagellates reach 20 thousand in April, while in ’08 the 
highest point is 3,600. The Copepoda, like most other 
groups, are fewer per haul in ’08 than in ’07 and 09. 

If it 1s questionable whether the results of the 
Hensen and Nansen nets are strictly comparable, it is 
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Fic. 18.—Nansen Net: at left 
hand when fishing; at right hand 
being hauled up, closed. B, brass 
bucket ; C, canvas front to net ; 
L, releasing apparatus actuated 
by M, messenger running on line ; 
T, throttling noose constricting 
net; W, weight. 


still more doubtful whether 
these vertical hauls can be 
brought into relation with 
those of the horizontal surface 
tow-nets. However, we add here 
(p. 338) another table of Haster 
and Summer results at Stat. 
I, in the three years, taken 
from the records of the “fine 
surface” net. This net has 
nearly the same diameter of 
opening as the vertical nets, 
and is made of the same No. 
20. silkt ts It is towed for 
15 minutes while the vessel is 
going “dead slow,” and 
probably passes through about 
a quarter of a mile of sea. 
Whether a column of water a 
quarter of a mile in tfength 
is strained through the net is 
quite another matter, and 
it is practically certain to be 
less, but how much less 1s very 
doubtful. 

Looking at these figures 
along with those of the 
Nansen net, and omitting 
Easter, ’07, we find that the 
two series are not very different, 
and that the surface net, 
as might be expected, gives, 
on the whole, larger catches. 
It certainly strains a larger 
volume of water, and that it 
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does not show a proportionately still larger catch than it 
does must be due to the fact that a large proportion of the 
organisms in the sea are not at the surface, but some way 
below. We have given elsewhere evidence that the most 
populous zone is really above the part strained by these 
vertical nets (20 to 10 faths.), but the water just below 
and about 10 faths., sampled by the Nansen net, is 
probably on many occasions richer in organisms than the 
top few feet through which the surface net is hauled. 


| EASTER. 
Station I. a 
Average 
No. of Hauls. Range in ¢.c. Catch. 
ADOT ccc cccnecte secant 24 2-5 to 20-5 11-8 
1908... badiiecs Capers 23 0:5; "P4789 2:2 
1909. cco udcgscaneutes 19 O5- » J0-7 3-9 
SUMMER. 
Station I. ————— 
Average 
No. of Hauls Range in c.c. Catch. 
TOOT o.<accccussenteere 21 1-0 to 475 2-7 
TOOS .: .swasteectuecas 30 OFZ) Le ae 1-0 
ROOD: hvctpwenene pene 7 ‘Uy ee sow 8 0-6 


Some VerticaL Haus In DEEPER WATER. 


We have a series of five dates, two on adjoining days 
in April and three early in August, when series of 
vertical hauls were taken at a station in mid-channel with 
closing nets, at specified zones of depth between 60 faths. 
and the surface. REN 

The more important results are shown in the 
following table :— 
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1909. Zone. Diatoms. Vino- 


Copepoda. 
Hapellates Adults) 9 Naaplii. 
April 7 ...| 60-40 10,525 100 10 300 
40-20 14,521 130 20 320 
Hensen, | 20-10 14,235 380 26 560 
60-0 19,260 365 141 720 
April 8 ...| 60-40 12,475 | 300 35 750 
40-20 62,120 1,500 142 3,600 
Hensen 20-10 20,420 640 91 2,000 
60-0 86,250 1,600 115 4,900 
Aug. 6...) 60-40 180 230 254 410 
40.20 100 60 195 390 
Nansen 20-10 110 10 270 1,140 
10-0 80 _ 291 1,190 
Aug. 7 ...| 60-40 35 10 116 235 
40-20 40 5 85 50 
Nansen 20-10 50 25 32 190 
10-0 180 30 1,900 480 
Aug. 10 ...| 60-40 440 30 230 440 
40-20 545 40 282 165 
Nansen 20-10 735 ' 40 267 570 
10-0 120 60 1,928 2,510 


On April 7th, in addition to a vertical haul from 
bottom (60 faths.) to surface, hauls with the Petersen- 
Hensen closing net were taken through the zones 60-40, 
40-20 and 20-10, but no vertical haul was taken in 
10-0 faths. The figures show in every case some increase 
in numbers in passing upwards towards the surface, and 
the zone 20-10 contains the largest population. It will 
be noticed that this zone is only 10 faths., half the extent 
of haul in the two deeper zones. 

On April 8th the hauls were the same, but the 
highest numbers are now in the middle zone, 40-20 faths , 
and next comes the upper zone. The lowest zone, as oa 
the previous day, contains least hfe. In August an 
additional vertical haul through the most superficial 
zone, 10-0 faths., was always taken. On August 6th the 
plankton is fairly well distributed through the layers. 
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On August 7th there is a well-marked increase upwards, 
so that most of the plankton comes to be in the zone 
10-0 faths. Finally, on August 10th, with the exception 
of the Diatoms, there is again an increase upwards, and 
most of the organisms are, as in most other cases, in the 
top 10 faths. This supports the conclusion we arrived at 
in the first part of this Report (’08, p. 130), that the most 
populous zone in the Irish Sea is below the surface but 
above 10 faths., and is in some cases between 5 and 10 
faths. 


LIMITATIONS OF VERTICAL HAULS. 


Beyond the above general conclusions as to the 
average catch, and as to the proportionate representation 
of the chief groups in the different seasons and zones of 
depth, we do not consider it possible to go. For the 
purpose of testing the reliability of the evidence given by 
the vertical closing nets in regard to further details, viz., 
the numbers and distribution of species, we have, in the 
first instance, made a careful examination of certain pairs 
of hauls made through the same distance, in exactly the 
same way, at the same spot and within a few minutes of 
each other. During the three years 14 such double hauls 
have been made. In no case did the two nets contain 
exactly the same species, in one case as many as ten 
species present in one haul being unrepresented in the 
other. This was on August 7th, ’09, in mid-channel, 
about 13 miles from land, the net being the Nansen 
hauled from 20 to 10 faths. The species were: — 
Chetoceros teres, C. criophilum, Coscinodiscus radiatus, 
Rhizosolenia shrubsoler, Ceratium fusus, C. tripos, Peri- 
dinium sp., larval Polycheta, Acartia clausi, and Micro- 
calanus pusillus. 


- _ ——————— 
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Again, the species represented in both hauls of a pair 
are often present in very different numbers. For example, 
on August 6th, 09, at the mid-channel station, when the 
Nansen net was hauled twice from 60 faths. to the surface, 
one haul had 6,420 Copepod nauplii, the other only 300. 
On August 7th, 09, at the same place, with the Nansen 
net hauled through 60-40 faths., one haul had 15 Ozthona 
and 17 Microcalanus, while the other had 2 and 1 respec- 
tively. On August 17th, 08, in mid-channel, when the 
Nansen net was hauled from 60 faths. to the surface, one 
net had 6,250 Ceratium furca, the other only 750. It is 
thus evident that, even leaving out of the question 
organisms too small to be retained by the net, a given 
vertical haul cannot be regarded as necessarily offering a 
true picture either of the number of species present or of 
their relative amounts. 

Further evidence of this may be got from considering 
the following series of hauls through different depths, 
using the same net:— — 

On April 24th, ’08, at Stat. I, the Nansen net hauled 
from 20 to 10 faths. contained 11 species not present in 
the same net hauled from 20 faths. to the surface (e.g., 500 
Cerateum trvpos), and of the 19 species common to both, 
the net hauled through 20-10 faths. had the larger 
numbers in 15 cases, e.g., 30,000 Chetoceros sociale to 250, 
and 20,000 Chetoceros teres to 1,200. 

On September 14th, ’08, at Stat. IV, the Nansen net 
was hauled from 10 to 5 faths., and from 10 faths. to the 
surface. The 10-5 faths. catch had 9 species not present 
in the other, and had more of all the species common to 
the two except in the case of Ovkopleura. 

On August 7th, 09, in mid-channel, the following 
hauls were made with the Nansen net:—10-0 faths. 
(twice), 20-10 faths. (twice), 40-20 faths. (twice), 60-40 
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faths. (twice), 69-0 faths., and 73-0 faths. Coscinodiscus 
concinnus occurred only in the 69-0 faths. haul; 
Guinardia flaccida only in one 60-40 faths. haul; 
Lauderia borealis only in the 73-0 faths.; Ceratium furea 
in one 60-40 faths., and one 40-20 faths.; Trochiseia sp. 
only.in one 20-10 faths. haul. 

On another occasion, when hauls were made at_ 
varying depths from 60 to 10 faths., and one from 60 faths. 
to the surface, Ozkopleura was present in all the hauls up 
to 10 faths., but absent from the haul from 60 faths. to 
the surface. 

We have also observed how frequently the pictures 
presented by the Hensen and Nansen nets differ, with 
regard both to the number of species present and to their 
vertical distribution. Thus, on April 8th, ’09, at the mid- 
channel station, the Hensen and the Nansen nets were 
hauled as follows:—60-40 faths., 40-20 faths., 20-10 
faths., and 60-0 faths. Coseinodiscus grant was present in 
the Hensen net in the 60-0 faths. haul only, and with this 
evidence alone one would say it was present only in the 
upper layers. But in the Nansen net it occurred in the 
60-40 faths. haul only, thus giving grounds for supposing 
that it was fairly uniformly distributed, but had escaped 
the other hauls. On several occasions, when the Hensen 
and Nansen nets have been worked together, one of them 
has had species not represented in the other. 

Further, when the vertical nets are hauled to the 
surface, it is often advisable to check their results by 
comparing with the surface nets. Thus, on September 
14th, ’08, at Stat. IV, both Hensen and Nansen nets 
hauled to the surface had missed the following species :— 
Chetoceros contortum, Rhizosoclenia shrubsolei, R. stolter- 
fothi, ‘‘ Mitraria,’ Podon intermedium, Anomalocera 
pattersont and Microcalanus pusillus. This was observed 
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on several other occasions, and shows that the vertical 
closing nets, even when more than one haul is made, may 
miss many of the species present. These various examples 
will suffice to show that vertical hauls do not give such 
truly representative samples as has sometimes been 
supposed, that results taken from a few hauls only may 
be deceptive, and that it is advisable to check the 
accuracy by taking duplicate observations whenever 


possible. 


NECESSITY FOR FREQUENT VERTICAL HAULS. 


It has sometimes been said that if vertical hauls be 
taken from the bottom to the surface, they are bound to 
show everything that is present in the area, and to 
represent each constituent of the plankton in its true 
proportion. It has been argued that while the surface 
plankton may vary greatly, and therefore the surface nets 
may give partial or deceptive samples, the various groups 
of the plankton, however much they may rise or fall or 
segregate into zones, must always be somewhere between 
the bottom and the surface, and therefore must all be 
sampled by a vertical haul. That may be the case in many 
localities, but it is not necessarily the case always. It 
must be remembered that some groups of organisms move | 
not merely up and down, but also laterally, so as to reach 
and occupy some narrow gulley or some deeper hole, and 
in that case a vertical haul might capture that particular 
group of organisms or might escape doing so, and even a 
small series of vertical hauls might, through this segrega- 
tion, which is horizontal as well as vertical, give quite a 
deceptive impression of the constitution of the plankton. 
This possibility is exemplified in the accompanying 
diagram, which represents a section across a fjord or sea- 
loch with an irregular bottom having a ridge at R, a 
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deeper gulley at D, which descends to over 50 faths., and a 
shallower area at S. If we suppose that, as is actually the 
case in many localities, such Copepoda as Calanus helgo- 
landicus or Eucheta norvegica are at certain times of the 
year confined to the deep water below 50 faths., then they 
would occupy the shaded area at D which is below about 
two-fifths of the surface of the water, and in volume is 
about one-fifth of the whole. If four equidistant vertical 
hauls (1, 2, 3 and 4) are taken across the loch, these 
Copepoda (say, Calanus) will appear in one quarter of the 
samples, and if vertical hauls 1 and 2 only are taken 
Calanus will appear in one half of the material, while if 
hauls 2, 3 and 4 are taken no samples of Calanus will be 


Fic. 19. Diagram showing diverse vertical hauls. 


obtained. In every one of these cases, if the haul or hauls 
were taken as representative of the whole area, the result 
- obtained would be erroneous. The real distribution in 
this case is that Calanus occupies one-fifth of the whole 
mass of the water; but if one considered only the number 
of square metres underneath which vertical hauls showed 
Calanus, the conclusion arrived at would be two-fifths, 
twice too much. If haul 1 only were examined, it might 
be thought that Calanus was universally present, if haul 3 
that it was absent, and if hauls 1 and 2 that it was present 
in half the water, much too large a result—the conclusion 
being that results obtained from few and distant hauls 
are liable to be deceptive. 
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It may be worth while to attempt to arrive at some 
estimate of the catching power of each net by considering 
all the evidence obtained in three years as to the 
performances of the different nets at the different stations: 
We shall not take the time of year into account, but as 
we have some evidence that the years differed in 
character, we shall in the first instance keep these 
distinct; it is easy to combine them afterwards if wished. 
We shall give, then, one figure per net at each locality in 
each year. For example, we find that the Nansen net was 
used in 20-10 faths., at Stat. I, 25 times in ’09, and the 
average catch was 2'3 c.c., and the average for all stations 
(49 hauls) in that year was 2-4 c.c.—a fairly close 
agreement. 

It is doubtful whether these figures will help us 
much in forming a true picture of the performances of 
the nets, except possibly in the totals based on a 
considerable number of hauls. Looking at the averages 
for all stations in each year, as shown in the right hand 
column, it is clear that, as we have pointed out before, 
the exceptionally large hauls in April, ’07, have raised 
the figures for that year unduly. On the other hand, the 
catches in ’08 were possibly abnormally small. Those for 
‘09 or an intermediate series between those for ’08 and 
09, would probably be the best approximation to the 
usual catching power of the net in these seas, and under 
the conditions employed. Thus the figure for the Hensen 
net would be about 1 c.c., for the Nansen nearly 2, for 
the weight net and the fine surface net nearly 3, and for 
the corresponding net with a coarser mesh about 5. We 
have placed the number for the larger nets in a table by 
themselves, as they are clearly not comparable with the 
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others. It is seen that the shear net is fairly constant 
throughout the three years, with a value of about 26 to 
37. The number for the Yngel trawl is about twice that; 
but the hauls of the Yngel and the large Nansen have 
been as yet too few to lead to any sure conclusions. 


EFFECT OF THE PROPELLER ON NETS AT STERN. 


In Part II of this Report, last year, we alluded to 
the criticism that had been made by Professor Kofoid 
(and possibly by others since) that the effect of the 
steamer’s propeller in mixing up water of different levels 
might account for the differences that we sometimes 
found between the catches of two similar surface nets 
towed over the stern. After stating the conditions of the 
case last year, we continued: “ these are all points that 
ought to be cleared up by experiment, and we propose to 
deal with them in the coming season, and to compare, for 
example, the catches in nets towed some little way off 
the side of the ship with similar nets towed behind.” 

During the past year we have carried out this 
intention; and we have now a long series of observations 
made under similar conditions at two different times of 
year, April and August. We attached one of the two 
exactly similar surface nets to an otter-board which was 
towed from a position forward of the foremast on the 
starboard side, so as to carry it out about 20 feet from the 
side of the boat amidships. ‘The other net was in the 


usual position over the stern. If there were any force in 


the criticism, the “ otter-net,’ which was certainly 
sampling surface water quite undisturbed by the pro- 
peller, or any other part of the ship, ought to give results 
differing from those obtained from the net at the stern in 
water which might be supposed to be affected by the 
action of the propeller; but no such difference is to be 
seen. In 44 hauls of each net, taken in April, ’09, the 
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average catch for the otter net is 3°58 ¢.c., and for the 
stern net 4:30 c.c. Out of the 44 double hauls, the amount 
of the catch in the two nets does not differ by more than 
05 ¢.c. in 19 cases, in 8 of which it differs by not more 
than 0°2 é.c. In 16 cases the catches differ by 1 c.c. or 
over. The average difference is 0:76 c.c. 

In 27 cases out of the 44 the stern net caught more 
than the otter net, in 13 the reverse was the case, and in 
4 pairs of hauls the catches made by the two nets were 
equal. As examples of cases where two very different hauls 
were made (just as was sometimes the case with two nets 
at the stern), the stern net caught 8:5 c.c. and the otter 
only 2:2 c.c.; and again, the stern net caught. 9°4 c.c. and 
the otter 4°5 c.c. In fact, it is obvious that the otter net 
gave the same kind of catch as it would have done if it 
had been placed beside its fellow at the stern. 

As a further test, however, we propose this coming 
season to use two otter-nets, one on each side of the ship, 
for comparison both with the stern nets and with one 
another. If any difference shown between the two otter- 
nets is as great as the difference between the stern nets it 
is clear that the variations are real and not due to any 
supposed action of the propeller or other influence of the 
ship. 

As to the organisms present, in five cases the catches 
are remarkably similar. As an example, take April 22nd, 
Stat. IIT :-—- 


Total Catch. Diatoms. Dinofl. Copepoda. - 
US Oa 72 c.c. 513,650 9,500 61 
Co 6-8 515,050 3,400 70 
WVEGMED locacessesses. 7 568,200 1,500 105 

‘ Kehin Copep. 

larvee Naupl. Oikopleura. 
Otter we... 8 TG PEM - 990 400 
a ey Se Reuerueahnan 100 800 400 
oo, | ere 100 500 910 


x 
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Here in contrast is an example of two very dissimilar. 
hauls taken on April 9th at Stat. ILL :— 


Total. ~ Polycheet 

Catch. Diatoms. Dinofl. Copepoda.  larve. . 
OULOM ¥22 adescccngeues 0:8 e.c. 21,425 600 4 Ou rs 
Stern: -.icc. basanae 1-2 43,800 250 lb ae 
Weight .........0. 1-6 20,000 3,800 218 800 


Echin. Copep. Oiko-. Fish 
larve. Naupl. pleura. Eggs. 


| 


CGUOR Es cereee nection ae seeer ee on 20 200 1 54 
SOOM /- « Satteera ta eden-vethepee hese on 1,000 500 50 19 
Wheto sata. Uinconta anges. ee dan teen 2,000 7,800 800 2 l 


We give also an example of a case where, although 
the two nets caught the same quantity, the catch was 
made up of very different organisms, viz., April 2nd, 


oli ee bl genes 


Total Diatoms. Dinofl. Copepoda. Polychet 


Catch. larve. 
Otter: Vi ee AS 4¢.c. 139,000 2,750 1,316 750 
igen. 8.520 tee ee 4 116,750 4,000 2,511 1,000 
Weertht\. oeccccts 4-7 147,750 2,550 2,790 1,500 


Echin. Copep. Oiko- Fish 


larvae. Naupl. pleura. Eggs. 
Otter Sib W int okotesteends Mera sacene see 750 9,000 530 4 
SURREAL oh ave cede tatty det eina seen 500 14,000 1,000 3 
Walehd (mc A SO a, 250 5,000 ‘1,100 5 


In most cases the similar net, used at the same time, 
with a weight attached so as to keep it a few fathoms 
below the surface, gave rather a larger haul. We have 
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added the figures for the “weight” net in each of the 
three examples above for comparison with the two surface 
nets. 

The August hauls give us practically the same 
results. There were 16 double hauls, and if we omit one 
that seems very exceptional in character, in 5 of these 
the otter net had the largest catch, in 5 the stern net 
caught more, and in the remaining 5 cases the catches 
were equal. The average catch for the otter net is 0°27 c.c., 
and for the stern net 0°30 c.c., while for the weight net, 
worked at the same time in a deeper zone, the average 1s 


0°35 c.c. 


CoMPARISON OF ‘“‘ FUNNEL” witTH WIDE-MOUTHED NET. 


As a further development of the experiments with 
the “ Pulley-net” described in last year’s Report, we 
added, in ’09, canvas inverted funnels in front of most of 
our nets in order to limit the intake of water, and 
consequently the pressure on the net. The inverted 
funnel, suspended by its narrower end and joining the 
ring of the tow-net by its wider, reduced the opening of 
the net from 14 to 5 inches. As various opinions had been 
expressed as to what the result of thus reducing the 
mouth of the net would be, one of the older type of simple 
open-mouthed tow-nets was used constantly as a surface 
net alongside the funnel net, with the result that the 
latter invariably caught more, and frequently a great deal 
more—up to 12 times as much. The average of 30 double 
hauls gives 1°52 c.c. for the open net, and 4°36 c.c. for the 
funnel net—one to three nearly. Having satisfied - 
ourselves that restricting the opening by means of the 
canvas funnel leads to a greater, that is a more representa- 
tive, catch, we shall in future use funnels with all our 
surface tow-nets, | 
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The criticism has also been made at the International 
Council, we are told, that our two exactly similar surface 
nets fishing at the same time and catching somewhat 
different gatherings were probably one on the windward 
and the other on the leeward side of the ship working 
under very different conditions, and so could not be 
expected to yield comparable results. We can at once 
remove that objection by stating that that is not the case. 
When working the surface nets the ship is put head to 
wind and steams very slowly against any wind there may 
be; so there is no windward side, and the two nets in 
question are worked from the stern, side-by-side, and are, 
so far as can be ascertained, under similar conditions. 


Oxup Aanp New Nets. 


In the last part of this Report we showed how 
rapidly the meshes of the fine No. 20 silk became clogged, 


SP de Ge 
SEHCRPE DCTP CESS See ay 
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ee teeten'an ceeeea 
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e22ee0n09 62088968 
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Fia. 20. Mesh of No. 20 silk Fic. 21. Mesh of same silk after use 
when new, X 23. in Nansen net for some months, x 23, 
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and how the catching power of a new net diminished from 
day to day. We figure here photographs, which have been 
kindly taken for us through the microscope by 
Mr. Edwin Thompson, of (fig. 20) the silk of a new net 
before being used, and (fig. 21) with the same magnifica- 
tion a piece of silk from an old net that had been used for 
some months. The flattened and swollen condition of the 
fibres, the distortion and reduction in size of the meshes, 
and the absolute closing up of some of them is obvious, 
and accounts clearly for the reduced straining power of 
the net. 


CONCLUSIONS. 


In the two preceding parts of this Report we have 
drawn certain conclusions, some of which may now be 
re-stated, and revised where necessary, in the light of the 
third year’s work. 

TotaL Pranxtron.—The most remarkable feature of 
the distribution of the total plankton throughout the year 
is the great increase in spring, due mainly to the sudden 
appearance of enormous quantities of Diatoms. ‘l'his year 
the vernal maximum was later than in the two previous 
years. It extended from April far into May, and died off 
suddenly between the 24th and the 28th of May. 

There is usually a second less marked and _ less 
constant increase in the plankton in September-October. 
It is largely composed of Copepoda, although some 
Diatoms, and on occasions Dinoflagellates in quantity, 
may also be present. There may be lesser elevations in 
June and August, due sometimes to one organism or to a 
small group; but as a rule there is a period when the 
plankton is reduced to a minimum in mid-summer and 
another in mid-winter. 
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PHYTO-PLANKTON.—If, as is customary, we group the 
Dinoflagellata (with, on the whole, a holophytic method of 
nutrition) along with the Diatoms, the phyto-plankton so 


constituted may be contrasted with the zoo-plankton in 
several respects. The Dinoflagellata have usually one 
well-marked peak or maximum in the year, and that hes 
somewhere between the extremes of April and August. 
Consequently the Dinoflagellates may be regarded as the 
characteristically summer phyto-plankton. The Diatoms, — 
on the other hand, show two distinct maxima in the year 
—in spring and in late autumn, with usually a summer 
depression between. It thus seems that the conditions 
prevailing in summer (June, July and August) are 
unfavourable to a profuse development of Diatoms. 

Winter is also unfavourable, and as a rule the period 
November to March shows the greatest reduction in 
phyto-plankton. 

These results agree, on the whole, with those 
obtained by Lohmann in the Baltic, but his autumnal 
maximum of phyto-plankton seems to be greater than 
ours. The Dinoflagellate Ceratewm tripos, according to 
Lohmann, begins in June, reaches its maximum in 
August and remains until October or November. With 
us this species is usually present all the year round, 
reaches 2 maximum in April to June and, with a few 
depressions, remains fairly high until August. 

The spring Diatom rise began later and ended later 
this year than in the previous two years, and it is 
interesting to notice that our hydrographic observations 
in the Irish Sea show that both the temperatures and 
salinities were lower than usual this spring. 

Zoo-PLANKTON.—Changes in the volume of our zoo- 
plankton are almost entirely due to Copepoda, of which 
the most abundant forms in our district are Oithona, 
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Pseudocalanus and Acartia. The occurrence of these at 
Port Erin does not quite agree with that recorded by 
Lohmann for the Baltic. For example, Ozthona is 
essentially an autumn form in the Baltic, and its 
maximum is in October and November. With us it is 
more constantly present, and may appear in quantity in 
various months; large numbers have been taken in 
January, July and August, as well as in October. Acartia 
also seems more widely spread with us, but our maximum 
in June to July probably corresponds to Lohmann’s 
maximum in May. Pseudocalanus with us appears in 
quantity in October, and also in May-June, but is 
apparently not a conspicuous form in the Baltic. 

On the whole, the Copepoda have their greatest 
abundance with us in early summer (May and June), and 
again in autumn (September). They were most depressed 
in ‘O07 and ’09 during February and March, and in ’08 
during January, February, July and August. There is 
usually a marked drop in the Copepoda about mid- 
summer, and this is sometimes followed (in July or early 
August) by a vast swarm of one species, such as Calanus 
helgolandicus. 

As a rule the Dinoflagellate maximum in early 
summer is later than that of the Diatoms, but precedes 
that of the Copepoda. In the case of the less-marked 
autumnal maxima there is less constancy and less regu- 
larity in the order of succession. | 

Some organisms show a remarkable regularity in 
their time of appearance. For example, the nauplii of 
Balanus began to appear on February 22nd in ’07, on 
February 13th in ’08, and on February 6th in ’09. This 
is one of the cases where it is clear that the normal 
sequence of events in the life-history of the organism is 
the dominant factor in determining the constitution of 
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the plankton at a definite time and place—the periodic 
reproduction of the Balanus causes the nauplii to appear 
in the plankton at a certain time. 

Many other swarms of neritic, and especially mero- 
planktonic, forms (such as crab zoeas and fish eggs) are 
similarly due to the succession of stages in the life- 
history; but on the other hand, swarms of oceanic forms 
may be due to immigrations caused by unusual hydro- 
eraphic or “weather” conditions. It does not seem 
possible, as yet, to determine the effect of the various 
factors—e.g., life-history and environmental conditions— 
in producing and terminating the great maxima, such as 
that of the Diatoms in spring. But we have given some 
evidence in favour of the view that increase in sunlight 
rather than any rise in sea-temperature precedes the vernal 
maximum of phyto-plankton. 

The most populous zone in the sea is below the 
surface, but above 10 faths. The weighted net, ranging 
down to about 10 faths., usually gives larger hauls than 
the surface ones used at the same time. The organisms 
in this zone no doubt rise and fall to some extent as a 
result of weather conditions. Copepoda swarm on 
occasions at the surface, and on other occasions are more 
abundant a few fathoms below the surface. Diatoms, 
when present in abundance in spring, are sometimes 
found in increasing ratio from the surface down to 
20 faths. 

Certain organisms seem to be frequently distributed 
in shoals. This is, of course, normally the case with 
many larval forms, but is also common with, for example, 
Calanus, Anomalocera, Temora, and probably Micero- 
calanus. We have referred above to certain large shoals 
of Calanus, and to an occasion when an unusual quantity 
of fish eggs was obtained from one spot. 
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In Port Erin Bay the organisms are on the whole 
chiefly neritic, the percentage of oceanic forms ranging, 
during the three years, from 30% to 60%. Mid-winter 
(December and January) and mid-summer (July) are 
markedly oceanic in character. The oceanic forms, 
although not always the most abundant, constitute the 
more permanent element of the plankton. 

Fish eggs are commonest in the bay in March and 
April, the maximum occurring in April. They occur 
before that, rarely, in January and February, are present 
afterwards in fair numbers in May and June, decrease in 
July and August, and finally disappear in the beginning 
of September. The greatest haul was 258 in the coarse 
net on April 13th. 

The catches inside Port Erin Bay give usually a very 
correct indication of the plankton in the open sea. Our 
numerous catches taken outside in spring and autumn do 
not differ much from those taken in the bay at the same 
bime. 

For conclusions as to the work of the different nets, 
and other details, reference must be made to the pages of 
the report above. 


C. Tinling & Co., Ltd., Printers, 53 Victoria Street, Liverpool. 
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